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modes of its natural bending wave vibration 
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values of particular parameters of said mem. 
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directional bending stiffiiess<es). which val- 
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distribution of natural resonant modes being 
consonant with required achievable acoustic 
action of said member for operation of said 
device over a desired operative acoustic fre- 
quency range. 
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ZIZLI: acoustic nRVTr? 



FIELD OP THE INVENT! OM 

The invention relates to acoustic devices for use in 
or as loudspeakers when driven or excited,^ usually by elec- 
trical signals via electrodynamic means; or in or as micro- 
r phones when driven by incident acoustic energy, usually to 

produce a corresponding electrical signal; or in or for 
other acoustic devices or purposes. 
15 United Kingdom Patent applications as follows :- 

No. 95/17918 filed 2nd September 1995 for "Acoustic Device- 
No. 95/22281 filed 31st October 1995 for "Acoustic Device" 
No. 96/06836 filed 30th March 1996 for "Acoustic Device" 
from which priority is claimed are hereby incorporated by 
reference, in their entirety, into this application. 

GENERAL BACKGROUND 

Conventional loudspeakers in widespread use employ 
acoustic air-driving elements of so-called "cone" type. The 
or each cone element is mechanically driven at its smaller 
25 end in a pistonic manner, normally by a moving coil of 
electromagnetic means having an operatively associated 
fixed magnet assembly mounted to a frame or chassis of the 
loudspeaker in accurate registration with the moving coil 
and cone assembly. Anti -phase air-excitation to rear of 
30 this assembly needs careful baffle/enclosure design to 
avoid cancellation effects in desired acoustic output from 
the front of the cone element. Naturally i s"tiff light- 
weight sheet materials have been used for such cones, as 
well as very stiff composite sandwich structures that do 
35 not bend at all over the working frequency range; even cone 
elements with tailored reduction of stiffness outwardly 
with the aim of reducing the effective radiating area with 
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increasing frequency to improve acoustic pistonic effects, 
including combating increasingly narrow directivity at high 
frequency. Excellent results are obtainable, e.g. using 
different sizes /types of cone elements and associated drive 
units for different frequency ranges, with appropriate 
electronic "cross-over" circuitry, often all in one loud- 
speaker housing. However, mass and bulk tend to be subs- 
tantial. Moreover, sound produced is constrained by its 
origin with one or more cone elements whose . axiality 
imposes unavoidably high directionality, particularly the 
higher the frequency; and loudness very noticeably follows 
the inverse square law of radiation relative to distance, . 
as though from a point-source. 

Hot surprisingly, much interest and effort has long 
been directed to use of flatter acoustic elements or dia- 
phragms to occupy less space, hopefully be less direct- 
ional, and preferably be less weighty. Many proposals have 
resulted. Some use stretched webs or films of flexible 
material clamped at their edges in frames, e.g. along with 
bonded-on current-carrying strips or wires for electro- 
magnetic drive using large and heavy arrays of perforated 
magnets, or with applied surface conduction for electro- 
static drive from fixed perforated polarised , electrode 
plates requiring large high-voltage transformers and 
subject to loudness being limited by voltage break-down. 
Drive operation of these stretched film loudspeakers is 
inherently pistonic, and there tend to be unwanted modal 
•drum" and related resonances at discrete frequencies 
requiring specific damping provisions for satisfactory 
performance . 

Other prior proposals have been based on using panels 
of expanded or foamed polystyrene edge-mounted in housings 
and also rely primarily on pistonic action. One example, 
known under the trade name 'Polyplanar ' , has conventional 
moving coil drive. Another, known as "Orthophase" has an 
array of magnets and coils disposed over its surface to try 
to achieve Uniphase drive. Yet others, as available from 
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Sound Advance Systems of California, have variously shaped 
flat surface polystyrene panels with complex rear ribbing 
and thinned edge profiling with a conventional moving coil 
driver mechanisms mounted to a chassis. Bertagni, from 
5 Argentina, has patented such proposals made from bonded 
expanded polystyrene beads, ostensibly based on how musical 
instruments produce sound, and requiring complex edge- 
clamped structures of variable thickness/flexibility, but 
also understood to rely basically on pis tonic action. 

10 Yamaha of Japan made a large loudspeaker using a thick 
polystyrene diaphragm of "ear-shape" suspended at its 
perimeter, with moving coil drive requiring a large chassis 
for registering powerful magnet provision, effectively as 
a very large solid-cone, pistonic-action loudspeaker with 

15 a degree of self-baffling. 

In a sense, these other proposals can be seen as being 
variations on the simple theme of almost any panel having 
potential for sound amplification, as long-known relative 
to musical boxes placed on a table top. In the 1970 's, 

20 this theme was the basis for a self-contained electro- 
dynamic unit known as "Sonance" (see US Patent 3,728,497) 
and intended for screwing or gluing to virtually any 
surface, including under a table top. Not surprisingly, 
absence of any design control over attachment surfaces/ 

25 panels, together with no better than moderate efficiency, 
led only to unpredictable results not satisfactory for high 
quality sound reproduction. 

PARTICULAR BACKGROUND to invent i ve concepts 
30 it is one object of this invention to provide an 

acoustic element with non-pistonic action in an improved 
manner leading, inter alia, to ready implementation as more 
viable flat panel loudspeakers. 

Our approach involved relies on exploiting resonance, 
35 i.e. departing radically from long and strongly established 
presumptions regarding quality of sound reproduction being 
critically reliant upon avoiding resonance effects. 
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Our approach involves use of materials capable of 
sustaining bending waves * n n « capaoxe of 

*k I ' generating sound from action 

of those bending waves n*^- , — action 

hereof . we find that finite element anTysiV 1, p. r tTT" 
ly suitable an. useful in analysis, tl^TotT 
P-el-lls. structures.- sua .rrlvin, . t r J££ ^ " 

"ce^rrerf UdtPeake "' 1 " l " ai " "^"", 0 

wide-band performance of jreat clarlty/lntellialhi i . / 

w.U-.uit.d to ,ood auelity sound re^cu" 1™ 
other valuable passive as wen p ;;' luc,:l0I, • """over, 
««d applications arise at ieaA on! ! T*" 
» *- and llhely t^S^^ 
energy analysis, is actually ineffective 

or foreshadow the *" " < "' e *">™««e 

20 teaching herTof Vo 0 / the's Under " and1 -" «* >««l=al 
ance of •«.. \ T Proposals emphasise import- 

ance of the coincidence freouencv »«..-. .... 
sound in penels subject to JT ' "" ed of 

speed of sound in air V 9 W * ve «<=ch.. the 

... °° us Patent Ho 3 347 33. 

(Hatters), proposes a light stiff , 3 - 347 ."S 

25 it= ... strip element of compos- 

es ite structure that is v , wmpos 

fc 1S excited whilst clamoed so 
controlled intendedly substantially slngle-eX bendZ 

velocity ofTound The ' " * ""^ ' 

30 . hi,hiy «^"^r^r^trs: 

Bfl ^ . . , • A weakened sfiear property is 

Morn r ^ C0D " a " S0Un4 ^".ratum 

toother, see HO9J/03O24, specifically Illustrates ana 

m aiioy having a honeycomb cellular core between 
fecin, sheet, givin, an extremely high stiffness Till 
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orientations. • This panel is required to be mounted to a 
support in a free undamped manner, and is shown mechanic- 
ally excited at a corner by a vibrator device acting react- 
ively from secure mounting to the support. Only limited 
working acoustic range is indicated, said to be suited to 
applications such as public address systems; and operation 
is again limited to being wholly above the coincidence 
frequency. Whilst very high mechanical efficiency is ind- 
icated for sound energy conversion, the described panel is 
so stiff that it is difficult to drive,, requiring a very 
large and cumbersome moving-coil driver. In fact, overall 
efficiency from the viewpoint of electrical input is even 
less than for conventional loudspeakers. It is also very 
expensive to make; and rather heavy, particularly with its 
15 support frame. Limitations in operating frequency range of 
this proposal were confirmed, and at first appeared to 
preclude achieving practical loudspeakers, even for public 
address applications where there is acceptance of limited 
range/ quality of sound reproduction but 
20 expectation/ requirement for quite low-cost units. 

However, our own theoretical and practical research 
and development reveals, as just outlined above, ways of 
designing and operating a panel as a well-behaved acoustic 
element that can have a surprisingly wide frequency cover- 
25 age and remarkable sound distribution and loudness capabil- 
ity, including with low or virtually no perceived direct- 
ionality and reduced proximity effects as to loudness. 
Indeed, when appropriately driven by electro-mechanical 
transducers, a wide range of light-weight flat or curved 
30 loudspeakers can be produced, for a wide range of applic- 
ations, to some of which such loudspeakers^ hereof seem 
uniquely suitable, whether or not with 'wide frequency 
coverage. It is noted again that other acoustic devices 
arise of profoundly novel and useful characteristics, as 
35 will become apparent. It is also noted that, in contrast 
to other mathematical techniques, specifically statistical 
energy analysis, use of finite element analysis could, at 
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are seen for the members, in themselves, as passive acous- 
tic devices for such purposes as providing reverberation or 
acoustic filtering or setting/altering, or generally imp- 
roving, room etc acoustics. 

Sounding boards are, of course, very well-known for 
stringed musical instruments such as pianos and the violin 
family. The making of successful such sounding boards is 
very old, and they are invariably held effectively rigidly 
at edges and/or clamped medially. To date, getting good/ 
acceptable results has tended to be very much of a "black- 
art" nature, involving quite complex shapes and generally 
achieved essentially pragmatically, typically by using 
quite complex proven templates. Indeed, even now, best 
results are generally accepted as involving highly skilled 
crafting by hand. This contrasts strongly with what is now 
put forward herein as being readily achievable, including 
for essentially free-standing or self-contained devices, by 
straightforward application of highly practical teachings, 
including what can be, or can include, very simple panel- 
like structures. Indeed, affording simpler alternatives to 
traditional sounding boards, particularly of calculated and 
orderly design as herein, is seen as an aspect of this 
invention. 

The calculated and orderly design criteria we are now 
able to put forward, from analysis and experiment in the 
light of insights gained from profoundly improved explana- 
tion and understanding of acoustical bending wave action, 
are based on achieving beneficial distributions of bending 
wave vibrations associated with resonant modes in a said 
30 member. These improvements are achievable by the invention 
even for simple shapes of said members that satisfy prop- 
ortioning criteria taking appropriate account of actual 
physical parameters relevant to bending wave action, see 
further below. Also, for any associated transducer means, 
35 highly effective location and other criteria are developed 
herein, see also further below. In relation to this inven- 
tion herein, the term "transducer means" is intended to 
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We find, as aspects of invention, that inherently better 
acoustical performance or action arises from care taken to 
reduce, preferably as near as practicably eliminate, occur- 
rence of combined dead-spots; and/or the converse of more 
5 evenly distributing the nodes and combined nodes over said 
transverse extent of the member, preferably at or approach- 
ing as evenly as practicable. At least in/for embodiments 
of the invention for application in audio frequency ranges, 
particular attention is directed to resonant modes at lower 
L0 frequencies than considered to be of useful interest in 
WO92/03024. It is found to be highly effective for atten- 
tion to be directed to lower frequency resonant modes in a 
much broader frequency range of actual operational inter- 
est, even to resonant modes that may be below a high- 
15 starting such frequency range of interest, i.e. closer or 
closest to the lowest possible, or conceptual fundamentals, 
for natural bending wave vibration in the member. The 
normal variation of bending wave speed with frequency in 
practical materials and structures is fully accepted in 
20 members hereof without finding problems. 

We further find, as an aspect of invention that best 
location of transducer means is at one or more positions 
coupling to one or more said combined nodes whereby many, 
preferably a number considered to be a practical maximum or 
25 optimum, further preferably all, of said lower frequency 
resonant modes in an operational acoustic range of interest 
have vibrational^ active nodes - which can be by way of 
plural transducers on a combination basis using two or more 
said positions, advantageously in as complementary a manner 
30 as available relative to the resonant mode vibrations at 
the positions concerned. Such positions are different from 
all known prior art, and are even found to be "advantageous 
in use beyond said members with preferentially orderly 
distribution of said nodes and combined nodes. 
35 a useful practical criterion, and aspect of this 

invention in relation to preferentially distributing said 
nodes and combined nodes for a said member, is for frequ- 
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nearer they approach a substantially uniform spread or 
distribution of natural resonance modes and related vibra- 
tional bending wave action over at least the intendedly 
operative area of the member. In practice, achievement to 

5 date has generally been rather less, though highly impress- 
ive as to acoustic results. Indeed, the advances hereof 
can be taken up to greater or lesser extents as a matter of 
choice, and at least transducer locating, design and mount- 
ing teachings hereof can have very useful application even 

10 where care is not taken to improve resonant mode distrib- 
ution and localised complexity. 

piBTHER PRj nq PROPOSALS 

It is believed to be convenient, at this point, to 
15 review two prior patent specifications first published 
after the priority dates for this application, perhaps 
particularly as it is found feasible, often advantageous, 
to implement the present invention for loudspeakers using 
piezoelectric transducers. WO 95/31805 and WO 96/01547 
20 both concern, inter alia, loudspeaker proposals by way of 
piezoelectric driver patches, whether applied to panels of 
lids of lap-top computers or to fold-out panels of compact 
disc players, or withia shells of video display units or 
disk drives of computers, or to light-weight polystyrene 
25 tiles, or supplied as an add-on sound unit for mounting to 
other surfaces. Illustrations of preferred embodiments 
show substantially centrally located paired piezoelectric 
drive patches: and much is made of such things as hollow- 
ness of associated lap-top lid, and other specific three- 
30 dimensional housings including a particularly preferred 
loudspeaker housing of triangular-section; also of various 
steps proposed for avoiding panel resonances'/ These latter 
steps are clearly merely of an ad hoc or -try-it-and-see" 
nature, involving the addition, as and where found to be 
35 effective, of damping and stiffening strips until sine- 
wave-sweep tests show unwanted vibration/resonance to have 
stopped. Compared with teaching hereof, there is no ind- 
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Many factors actually or potentially contribute to 
bending wave action, thus .frequencies and distribution etc 
of vibration nodes associated with natural resonant modes 
in members hereof. As first done for members where relev- 
ant materials parameters contributing to actual bending 
wave action, specifically to bending stiffness, shear etc, 
were kept substantially the same in all or at least partic- 
ular directions of interest, it was established that shape 
and dimensions of the members make particularly significant 
, contributions of great value to realising inventive aspects 
and achieving practical device embodiments. 

Dimensions, as such/ for any particular shape, are 
mainly effective by their inherent contributions to deter- 
ging lowest natural frequencies of possible actual bend- 
5 ing wave vibration for the member, even to conceptual freq- 
uencies effectively as different fundamentals for related 
frequencies of natural resonant modes, including by reason 
of angled relation of directions of dimensions concerned. 
As to shape, particularly proportions as to relative 
0 values of defining geometric parameters, it first proved 
useful to consider simple geometries, specifically members 
bounded by rectangles, or by closed conic ""^Z^ 
elliptical; and to do so in the above-mentioned context of 
a said member that is substantially isotropic in bending 
IS stiffness -in all directions, or at least much the same par- 
allel to sides of a rectangle or to major and minor axes of 
an ellipse or super-ellipse, though see further below reg- 
arding impact and utility of anisotropy. 

30 SPECIFIC APPLICATIONS /FURTHER ASPECTS OF INVENTION 

For a rectangular shape, an artificial first construct 
found to be of particular practical value concerns distrib- 
utions of vibration nodes associated with nature « 
modes, and of related dead-spots, that would theoretically 
35 a7ise for each of the different lengths of its sides when 
" co id er d alone, i.e. each as a single axis for bending 
wave action, as if there could be no other bending action 
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spots, at least within limits of our approximations. The 
selected resonant mode frequencies for the two composite 
patterns involved can, preferably do, include the lower 
orders of interest or relevance in or to an acoustic range 
5 of desired operation, as outlined above, even including 
below same if beneficial. 

In theory, perhaps, best matching should be sought for 
as many as possible of the resonant modes and corresponding 
composite patterns of our above construct. In practice, 

10 and as applies to the above modal frequency interleaving, 
very satisfactory results have been obtained from limiting 
attention individually and collectively to particular said 
lower orders of resonant modes, say up to the third orders 
of each conceptually fundamental frequency (making nine in 

15 all for said transverse extents of the two-dimensional said 
members), preferably up to at least the fifth orders (total 
twenty-five), perhaps up to or beyond the seventh orders, 
for maximising or optimising matching. Better modelling, 
as later done using finite element analysis, will usually 

20 show other resonance, including lowest modes affected or 
attributable to diagonal dimensions and/or non-bending wave 
modes, which are additional to considerations for this app- 
roximate construct. In successful actual development work, 
the resonant bending wave mo'des taken into account in these 

25 matching routines were at frequencies going consecutively, 
considered as a single combined sequence, from conceptual 
frequencies treated as fundamentals for the two sides of a 
rectangle up to over twenty, usually thirty or more, pref- 
erably at least twenty-five. Results show very satisfact- 

30 ory purely consequential orderliness, spread and acoustic 
action/performance for higher frequency resonant modes. 

Interestingly, and valuably in practice, particular 
aspect ratios for side dimensions of a rectangular shape 
with isotropic bending stiffness emerged as being of use- 

35 fully general application. One such preferred and highly 
effective aspect ratio is at about 13.4% from square (i.e. 
out of equality of sides), specifically at 0.882 or 1.134; 
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i.e. as overall or selective edge damping and/or selective 
localised medial damping a£ relevant position (s) of said 
extent. 

There is, however, one effect that it has been found 
5 can be beneficial to take into specific account, at least 
as useful refinement, namely, for a* substantially 
rectangular said member, the resonant modes associated with 
is diagonal dimension. Assuring at least mainly helpful 
contribution to desired distribution (s) of resonant modes 

10 can be aided by cropping or trimming or curving of corners, 
or forming to such shapes, though see further below regard- 
ing anisotropy of bending stiffness. Sensible practical 
limits for consideration of this refinement as to result- 
ing shape and transverse area reduction arise naturally 

15 from approaching some other analysable shape, e.g. super- 
ellipses or at least regular polygons, say preferably not 
reducing the diagonal beyond larger or smaller of side 
dimensions. Useful, though not essential, further refine- 
ment is seen in such corner cropping or trimming being 

20 differential, at least for corners of different diagonals, 
whether to different extents for each, say in a mutual 
relationship producing a similar "matching- (for diagonals- 
related resonant modes) to that above for the side dimens- 
ions, and perhaps further relative to or effectively cont- 

25 inuing or complementing or usefully compounding the sides- 
dimension matching ratio. Application of effective short- 
ening to one diagonal only can be enough, in practice, say 
to each end equally for a resulting shortening to medially 
between full diagonal dimension and longer side dimension, 

30 preferably to attain progression of side and diagonal dim- 
ensions at or approaching maintaining or repeating above 
preferential aspect ratio for successively" increasing 
values, conveniently so approaching by substantial even- 
ness of dimensional differences or a straight-line dimen- 

3 5 sional relationship. Satisfactory shortening of only one 
diagonal of a said rectangular member, at least idealised 
for lsotropy of bending stiffness, is seen at about 15% or 
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inter-leaving and/or for pattern matching in distributions 
of vibrational^ more/most, active nodes/combined nodes and 
vibrationally less/least active dead-spots/combined dead- 
spots, for desirably more even distribution of resonant 
5 modes, thus reduction of at least combined dead-spots*. 

Such inspection and manipulation according to varia- 
tion of one or more of two or more geometrical parameters 
may be particularly readily facilitated using a table or 
matrix of vibration energy contents of a grid of elemental 

10 subareas of said transverse extent; particularly by changes 
that take place with parameter variation, preferably as one 
or more ratios of such parameters. Energy summations for 
the subareas and generally will give required information. 
Purther aspects of invention arise herein for such 

15 distributed, say grid-related, energy summation as method 
or means to achieve maximal or optimal or acceptable dist- 
ribution of vibrational nodes/combined nodes associated 
with natural resonant modes transversely of said member. 
Turning to elliptical shapes of members capable of 

20 bending wave action, also first considered where there is 
isotropy of bending stiffness at least in directions of its 
major and minor axes or universally, the natural bending 
wave vibration concerned includes resonant modes contribut- 
ed by hyperbolic and/or angled components from peripheral 

25 curving and going through the major and minor axes. The 
major and minor axes are found to be significant, particul- 
arly their ratio, A practical ratio of major and minor 
axes for true elliptical shapes has been determined at 
about 1.182, with a viable alternative (interestingly sim- 

30 ilarly to above for rectangular) at about 1.34. 

It will be appreciated that super-ellipses effectively 
involve outwardly deforming the curved botfhdary of a true 
ellipse between its major and minor axes going so far as to 
produce shapes approaching, seemingly rather similar to 

35 curving of the above-mentioned diagonal-reducing corner 
treatment of a rectangular shape, though see further below 
regarding locating transducer means). There is an addit- 
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io».l variable represented by power factor Zn as well as 
ma or and minor axes a a» d b and tbelr ratio a/b ll Z 
relevant boundary-defining function 

(x/aj* * (!) /b;» * j 
3 which leads to two possibilities, namely determining p„f 
erred ma )0 r/«lnor axis ratio a/b for any particular 1.1 
of n or determine preferred value of /for lay MrtJ I 
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tbls Application are between i .„d 2 £e r ,/b . 
X0 <i.e. fro. , to < for ,„„ SU ch Po-J^Xt^ 
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consent of quality of area. Xnterestin 9 ly. £ 

for n«l.a, a/b = 1. 13 to 1.22 or 1.32 
indicating advantageous spreads or tolerances on practic- 

^r ;;r latlonships of - and ^ ^ «- 
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f ° r S/b = l ' 4 ' n " to 1.40. 
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produce, whether much as in first-given above exlmp Is"r 

1 i!tl U T r h ' ^ ^ P - tiCUi -^ advantageous s ^er- 
elliptical shape (s) . 
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Z.7 ir Cal *** ^ elliptical Paris 

0 part by about 1.1 - 1.3:1. and with an aspect ratio of 
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later as to location of transducer means has been found to 
have some useful gain for shapes proportioned other than as 
preferred above, including 'circular and square. However, 
for said members as particularly valuable and advantageous 
5 acoustic devices or elements, compelling desiderata/ and 
aspects of invention, are seen in irregularity/inequality 
(as to shape) and asymmetry (as to locating transducer 
means below) ; also in having at least two angled axes/dir- 
ections or dimensions giving rise to different conceptual 

10 frequencies of natural vibration, including for shapes with 
such axes/directions or dimensions not necessarily at right 
angles to each other, such as diagonals of a rectangle, and 
applicable generally, e.g. to sides and/or diagonals of 
other quadrilaterals or sides and angles and/or apex-to- 

15 apex lines; and in there being, for each of basic shape 
types, one or more predetermined relationships between 
conceptual frequencies that leads to beneficial inter- 
leaving of resonant mode frequencies and/or "filling" of at 
least some, preferably up to as many as practical, of what 

20 would, for other dimensional etc relationship, constitute 
combined dead-spots. 

Significantly, it has further been established that 
said members with shape variations by different relative 
values or ratios of defining parameters than specifically 

25 put forward above can be used in a generally equivalent 
manner. Thus, the above analyses, including the construct, 
are equally applicable to members with any particular ani- 
sotropy of bending stiffness, i.e. different in directions 
along length and breadth of a rectangle or parallel to 

30 major and minor axes of true ellipses or a super-ellipses, 
and will produce corresponding preferential aspect ratios 
etc. Perhaps most interestingly in practice; the converse 
is likewise available, i.e. determining degree of anisot- 
ropy or ratio of bending stiffnesses that produces effect- 

35 ive equivalence to, even "converts" or "mimics", for given 
variant shapes, the idealised isotropic cases we analysed 
first, thus use the same preferential aspect ratios etc as 
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spots associated with natural resonant modes and acoustic 
action/performance . 

Other aspects of invention arise from accepting, or 
seeking, or modifying, some effect(s), such as arising from 
S augmenting due to edge-reflections or interaction from* pos- 
itional proximity or superposition of nodes for some reson- 
ant modes, or other differential effect (s) comparing one 
resonant mode with another; say in terms of having some 
particular -voicing- of the resulting acoustic performance/ 

10 action of the member concerned. Modification can be by way 
of general or selective edge damping or localised medial 
addition of damping material, even by holes or slots formed 
in the member. An aspect of this invention also resides in 
seeking and assuring more even distribution of vibrational 

15 nodes and/or combined nodes being limited to lower orders 
of resonant modes, say at or up to at least third order 
and/or not more than seventh order (whether determined 
absolutely from conceptual frequencies or relative to 
lowest frequency modes within and/or below a frequency 

20 range of interest), including consequential effect (s) on 
operation at higher frequencies, and proving highly benef- 
icial in extending usefully achievable range of operation 
well above the upper frequencies considered limiting in 
WO/92/03024. 

2S More specific aspects of invention include operating 

over a wider frequency range than WO92/03024; and/or remov- 
ing its limitations to operating only above the coincidence 
frequency, for example to operating frequency ranges that 
include the coincidence frequency and/or are wholly below 

30 coincidence frequency. 

Members embodying aspects of this invention by having 
designedly distributed vibration nodes Associated with 
resonant modes of carefully related conceptual frequencies 
of natural bending wave vibration can, in themselves, serve 

35 as useful acoustic devices. One way is for reverberation 
purposes including to improve or desirably alter acoustic 
characteristics of some associated acoustic device, such as 
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or highest, i.e. in terras of the resonant modes taken into 
account for -filling- of what would otherwise be combined 
dead-spots. Specific side dimension proportions, for a 
substantially rectangular said member with the above about 
S 15% out-of -square aspect ratio, emerge readily from 'such 
further analysis as coordinates for transducer sites at 
about 3/7, 4/9 and 5/13, giving 24 possible sites from each 
corner and ignoring duplications. For any particular tran- 
sducer means, it is preferred that each location for trans- 

10 ducer means use two different ones of these proportional 
coordinates along different length sides, whether* single 
transducer means or each of plural transducer means (as can 
be advantageous for power and/or frequency cover), further 
preferably combining 3/7 and 4/9. Close approximations to 

15 these proportionate coordinate sites came first from the 
above notional construct. 

Interestingly, these same proportionate coordinate 
values apply preferentially and beneficially for location 
of transducer means in any member of substantially rect- 

20 angular shape and capable of vibrational bending wave 
action involving resonant modes. Specifically, this inc- 
ludes such members not fully satisfying the above aspects 
of invention in terms of their dimensional proportions and 
corresponding isotropy/ anisotropy; and/or having "bulk" 

25 damping, i.e. limitation of distance of travel at signific- 
ant or any energy levels of bending wave vibrations induced 
by transducer means due to losses in the material (s) of the 
member itself, that, in view of area or some dimension of 
that member, results only in low or no vibrational bending 

30 wave energy being reflected, even reaching, one or more 
edges of the member wherever the transducer means may be 
located in that area, thus without significant-reflections 
from such edges. Whilst such members will not be as effec- 
tive as members that are preferentially proportioned as in 

35 earlier aspects of this invention, whatever potential they 
have for operation as loudspeakers is much better realised 
by applying the above dimension proportioning criteria to 
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substantially e.ntr.l or .d,.-. aj . e e,t mounting of trlns" 
10 ducer mean,, tolarancs mentioned ut.r apply r e,. tdi , 9 

limit. being in.vitably mat.riai.-dep.nd.nt and feasible 
matarial. bain, too gr.at fully to investigate to da" 

IS d. t T< Crlterla deVel ° Pe ' 1 10 the " coasid.rati,ns for 

slTn" 5 " nlninUn SPaCln ' S f «- «•« «*■« 

stantially r.ctangular said m.mb.r for mounting of trans- 
duce maans, are h.vond t6e ^ of 
art. even as to having arisen by ..r.ndtpity alon.. 

Generally, analysis as taught h.r.ln leads not only to 

to preferred locations for transduc.r m.ans. but also to a 
further mattar/aspact of gr.at practical valu.. namely, 
relative to any particular approprlat. loc.tlon(s) for its 
transducer means, capability to identify actual locations 
where any selective damping should to be applied to a . 4l 

5 with any particular undesired frequency or frequencies. 

Sagardin, trua alllptlcal shapas of said mambars. main 
sari., of rasonant mod.s associated with major and minor 

amoved 9 , 1UPtleal hyP " b0UC «*" 

0 f^ ^ »« f ««»tl.l locauons for transduc.r means ar,. 
0 for the abova-notad i.„ a major/minor ax.s ratio, at coord! 

along half-major and half-minor ax.s. relatively . it 
will b. noted that orthogonal coordinat.s are not really 
appropriate, and it is only with appropriate coordinates 
. specifically elliptical/cylindrical, that valu.. .marge for 
transducer locations that ar. of , e n.r.l application to 
othar elliptical shapes. 1... d i ££erent major/minor axes 
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ratios, including as arising from application of anisotropy 
of bending stiffness for npn-ideal major/minor axes ratios 
(i.e. other than 1.182), and enable producing Cartesian 
equivalents in each case via trigonometric relationships. 

As for substantially rectangular members hereof, 'more 
precise analysis, or experiment, can determine possible 
small adjustments that may be beneficial, also other site 
options for transducer means, including to concentrate on 
coupling particular resonance nodes, though efficiency of 
operation is very much related to each, transducer means 
coupling to as many resonant modes as practicable without 
adverse effects. 

It is noted that above-specified preferred sites for 
transducer means are well off-centre for rectangular said 
members, including off centre-lines for width and length; 
and are further somewhat displaced from diagonals, i.e. 
truly asymmetric. Also preferred sites for transducer 
means of substantially elliptical shapes of members hereof 
are off-centre and off major and minor axes. Moreover, 
preferred proportionate coordinates are substantially 
maintained regardless of isotropy/anisotropy of bending 
stiffnesses, directly as Cartesian coordinates for sides of 
substantially rectangular said members and indirectly 
relative to underlying elliptical/cylindrical coordinates 
for substantially elliptical said members. 

Indeed, it is an aspect of this invention that desig- 
nated sites for at least one transducer means be of this 
nature, i.e. off-centre by reason of coupling at preferred 
combined node positions, and off-axes for both substantial- 
ly rectangular and substantially true elliptical shapes of 
members hereof, typically off -diagonal by between about 7% 
and about 12.5% of length and width from centre-lines, and 
by about 20% or more of major axis and about 10% of minor 
axis lengths, respectively. 

Por super-elliptical shapes, we got intuitively surp- 
rising results, in that preferential locations for trans- 
ducer means, appear to be much more akin to what was found 
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25 When used with one 
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effect above lowest frequencies, in loudspeakers using cone 
elements. Moreover, resulting vibration action can, except 
for lowest frequencies, be 'used, from both front and back of 
a said member as 'there will be little or none of the anti- 
5 phase problems attaching to cone element loudspeakers'. 

TRANSDUCER MEANS 

Reverting to transducer means, as such, highest powers 
and best quality of sound reproduction from loudspeakers 

10 are achieved using magnet-and-coil drivers, rather than the 
piezoelectric types so eminently suited to lower power and/ 
or quality performance. Interestingly, in principle, it is 
immaterial which of coil or magnet parts move for imparting 
bending wave action, though the art of moving coil drivers 

15 is so well known and developed (for cone loudspeakers) that 
various specifically useful/advantageous novel designs to 
be described further and illustrated are within the natural 
context of developing moving coil types. Detail investig- 
ation and development indicates particular merit arising 

20 from assuring that size and/or mass criteria are met such 
that the moving parts concerned are, on -the one hand. In 
principle, maximum size is subject to conforming with pre- 
ferred mechanical coupling to the member being at least 
primarily resistive and with exciting higher and lower 

25 frequency ~ re sonant modes as desired, particularly for audio 
usage. Whilst approximations have indicated theoretical 
maximum sizes at about 9% - 10% of length/width and/or 
major /minor axes dimensions for rectangular or elliptical/ 
super-elliptical shapes of said member, i.e. up to about 1% 

30 of operative transverse area, that can be exceeded at least 
by such as piezoelectric transducer patch-type transducers, 
at least up to 2% (each if plural) . A particularly useful 
criterion, in practice, is that, for any particular said 
member or panel, there will be a size at which frequency 

35 roll-off is caused, basically as corresponding wavelengths 
in the panel approach and reach similar order to the size 
of transducer. These factors need further to be considered 
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emeats hereof, or partial cutting or deformation at such 
boundary, or ribbing or add-on damping or stiffening mater- 
ial at or outside such boundary, etc. Proportioning and 
siting for transducer means can, of course, then be applic- 
able as above to the inner operational area. 

As will later be more specifically indicated, a very 
wide range and variety of materials can be used for said 
members in embodiments and applications of this invention 
Thus, as active sound sources, or loudspeakers, the range 
in size and/or quality can be from impressive results for 
such as greetings etc cards or in books etc, note-book or 
lap-top computers; in-car etc audio, ceiling etc tiles or 
wall panels, and high clarity public address systems etc- 
to general stereo and surround sound systems, home-movie' 
and hi-fi quality sound reproduction; even to such large 
scale applications as cinema screens and high power for 
outdoor or stadium concerts, including use of multiple 
side-by-side modules for largest applications. Also, there 
will be further specific guidance for selection from a wide 
variety of materials, including for actual or effectively 
multiple-ply structures, particularly for appropriately 
matching skins or facing sheets and cores of preferred 
sandwich structures, including as to core shear require- 
ments particularly affecting propagation losses for bending 
wave vibration, so that shear values may be to some extent 
dependent on sizes of said members for particular acoustic 
devices. However, at least minimum structural requirements 
of members for the above range of applications also range 
from lower to higher structural strength/integrity and/or 
bending stiffness, typically for lower to higher power of 
driving or exciting transducer means. At the lower part of 
such range, bending wave propagation can be -quite lossy, 
even single sheets used rather than otherwise preferred 
sandwich structures. Generally, tolerances for the above- 
developed dimensional proportioning and transducer location 
criteria will be quite tight for high performance said 
members, say up to about 3% off for proportioning and up to 
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involving compromises regarding physical and operational 
parameters and requirements. Thus, bending stif f ness (es) 
and mass per unit area contribute (through square root of 
the quotient B//i*of the former and the latter) along with 
S dimensions/area to setting lowest true bending wave frequ- 
encies, with Young's modulus (E) and thickness of skins of 
sandwich structures of the members as well as the square of 
their core thickness having particularly relevant effects 
on bending wave stiffness. Said bending wave stif f ness (es) 

10 and mass per unit area also contribute, through square root 
of inverse p/B of above quotient, along with the ratio of 
squares of speed of sound in air and (by bending waves) in 
the members, to setting the actual coincidence frequency, 
with core shear modulus (G) and core thickness (d) contrib- 

1S uting to said ratio along with said of mass per unit area 
(/x) being particularly influential as the actual coincid- 
ence frequency is always greater than results from much 
simpler notional calculation assuming no core shear thus no 
account taken of said ratio. Lowering or raising the coin- 

20 cidence frequency can be by raising or lowering said ratio. 

Regarding core shear modulus (G), it is, in itself, a 
significant design factor that needs to be enough to hold 
the skins apart sufficiently rigidly for desired bending 
wave action. Relatively lower and higher values result in 

25 greater and lesser, respectively, transmission of energy 
applied by the transducer means in core shear waves rather 
than desired skin bending waves. Such shear waves do not 
radiate sound, and nett acoustic result of lower core shear 
modulus values is that the effective sound radiating areas 

30 of the members tends to reduce with frequency, though still 
substantially larger than any parallel with conventional 
cone-element tweeters resembling a highly directional point 
source. The underlying effect of shear causing fall-off of 
vibrational efficiency of operation with frequency can be 

35 used to advantage for piezoelectric transducer means as 
particularly suited to card or book, even notice-board, 
embodiments typically of the order of about A5 to about A4, 
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account for avoidance in selection etc of materials. 

Desired or effectively required sizes and shapes are 
obvious design factors, 'and bring in anisotropy, as to 
which it can be' relevant that at least some of available 
honeycomb have, certainly can have, different shear moduli 
in different directions. Possibilities obviously arise as 
to incorporation of members hereof into host sheets or 
panels and as to defining operational areas by deformation 
or added defining material as mentioned above.. Desired 
type etc of transducer means, even viability effectively 
forcing or limiting choice thereof, is/are further key 
considers tion(s), including as to compliance of mounting at 
least active moving part(s) thereof to or into members 
hereof, as to normal requirement for predominantly resist- 
ive rather than reactive mechanical coupling of transducer 
part(s) to such members, and as to output power desiderata 
thus input power and forces applied by moving part(s) of 
transducer means being desirably consistent with buckling 
etc characteristics/resistance of core materials. 

Generally, from the above, relevant factors including 
materials parameters available and required can be matched 
to extents resulting in achieving the afore-mentioned rem- 
arkably wide range of satisfactory loudspeakers and other 
acoustic devices, the scope for doing so relative to var- 
ious materials parameters individually and in combinations 
and need to balance conflicting effects by now being self- 
evident. 

Use of said members hereof with associated transducer 
means as microphones is, of course, feasible. Then, it is 
particularly preferred that multiple transducer means be 
used, preferably to get the best possible sampling of poss- 
ible active resonant modes, say where appropriate, with 
transducer means at least one of each of progressively out- 
ward different ones of preferential locations. The reverse 
or inverse action compared with loudspeakers hereof can 
produce signals capable of intelligible reproduction and/or 
ready meaningful input to data processing machines. More- 
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Zns 'or"": ° £ COmbinin5 thr0U ' h *""ional transducer 
mean, on a memuer hereof also operating as a loudspeaker 
has advantages, as has provision or further combl„.t 10 \ 
with or as cladding or a casino ""nation 

5 Further regarding transducer means, two particular 

types have heen mentioned, namely piezoelectric, and eUct_ 
romagnetic with specific reference to what is eff.J, V 
continuation of long-established practice o . ^ [ 
loudspeakers hy way of moving coil means being fiKed/fcTdL 
10 -on say acting against mas. of magnet means al." ca rld 
by the member, with passing reference to alternative use of 
moving magnet means the excitation purposes herelf 
Profound differences of the „,.-..„ IP ° SeS hereof - 

to panel-like members hereof lT t ^ ^""l 

» than for plstonic actlonlo '^ZTTlZ^ 
have also been alluded to. particularly at least oe^ 
predominantly mechanical!, resistive ratLr than r e.c ive 
nature thereof, thus inherently more efficient. It is lie 
case that light moving magnets and relatively heavy let 
20 trie coxls would be more reactive and less efficient but 
nonetheless viable. Corresponding conseguential differ- 
ences become reflected in novel parts and their III". 
relationships, including by reason of inherent capability 
or mounting intendedly stationary as well as moving parts 

fixlT" °'' rat " er thM Station "^ parts tl 

fixed frames, though that can be done for members hereof if 

pistonic action at lowest fr-*™, ■ 

, . lowest frequencies. Moreover a 

30 lltlZ \ freSh iPPr0aCh ta ' *~ *** notably 
30 capable of satisfactory and beneficial operation, namely by 

way of „ e call .inertia!- contribution to Inducing at least 
bending wave vibration. i „ 

So. in addition to aspects of invention arising from 
novo transducsr parts, inter-relationships of parts and 

ZTZ T" ' Vhethet " t0 SUr£ -« « - ^ or 
transducer means aspect of this invention concerns addition 
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to opera tively moving part(s) of transducer means of more 
mass, including where such addition is substantially media- 
lly of such parts actually mounted to members hereof beyond 
or outside such additional mass, say peripherally, prefer- 
ably at or adjacent edges thereof at or adjacent edge's of 
wells or apertures in members hereof with said additional 
mass projecting into such wells or apertures, further pref- 
erably with appropriate clearance therein, particularly 
advantageously mounted to skins and extending into cores of 
preferred laminated sandwich structures for members hereof. 

PRIEF DE SCRIPTION OF DRAWINGS 

Particular device and applications embodiments will 
now be described in more detail, both by way of example and 
as leading to further device etc aspects of invention, with 
reference to the accompanying drawings. 

Generally panel-like members embodying above concepts 
and aspects of this invention concerning areal distribution 
of bending wave vibration and, at least effectively, rela- 
ted natural resonant modes will be referred to variously as 
"distributed mode resonators" or "distributed mode reson- 
ating panels" or "distributed mode loudspeakers" or "DML" 
or "multi -mode resonating panel". 

Also, the word "resonate" is used, as a descriptive 
and semantically accurate convenient short-hand terra for 
such desired or acceptably achievable areally distributed 
and orderly natural resonant mode related bending wave 
vibration, involving the positive and deliberate encour- 
agement by design of such resonance-based vibration; and is 
not to be confused with other usages of that word in other 
connections where any vibration is considered inherently 
problematic (and, perhaps, as often as not actually related 
to inaccuracies and/or wear of cooperating parts ! ) . 

In the drawings :- 

Figure l is an outline view of a distributed mode 
loudspeaker; 

Figure 2& is a partial section of Figure 1 on the line 
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- d — - "^Ztt^z* Pl5ure 2 * 

r 9 ™* 34 1 " Uc "« Purred transduce, W 
for a substantial!, rectangular panel l0C " l0n ' s ' 
Figures 36 and 3 £ likewise f„, ^ 

Optical and .JUi^T^ — 
Figure 3d for a composite shaped panel • 
Figure 4 shows a distribute ^ 
Figure s* Is a perspect :t 

mode loudspeaker- mother distributed 

X^er'o/^ri" 0 "-"" 10 - — - - 

iTLd? io s ud a ,z:r tlv * view of "° th « — 

Figure 6fe is a Dart,*. „ 

loudspeaker or Figure 1 ° CU ° Ml VleW ° f «- 

loudspealtr; 15 " ' r01 " Vie " ° f a d istributea-mode 
"sure 7fc is a side view « tle . ,. 
loudspeaker of Figure 7 a . ^stributed-mode 

ZT" ' S 4 Vle "'° f «» Of Pi g ure 
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Figure 13 shows a first piezoelectric transducer; 
Figure 14 shows a second piezoelectric transducer; 
Figure 15 shows a third piezoelectric transducer; 
Figure 16 'shows a further electromagnetic transducer; 
Figure 17 shows another electromagnetic transducer; 
Figure 18 shows a distributed-mode loudspeaker; 
Figures 19 shows application of drive/excitation 
signals; 

Figures 20 and 21 show variations; 

Figure 22 is a diagram of an embodiment of distribut- 
ed mode combination loudspeaker microphone; 
Figure 23 is an outline view of a distributed-mode 
microphone; 

Figure 24 shows crystalline disc type piezoelectric 
15 transducer; 

Figure 25& is a perspective outline view of a room 
incorporating a suspended ceiling; 

Figure 25b_ is a cross-sectioned side view of a distr- 
ibuted mode loudspeaker in the form of a ceiling tile; 
20 Figure 27 is a perspective outline view of a visual 

display unit; 

Figure 28 is a partial cross-sectional view, through 
the loudspeaker of Figure 22; 

Figure 29 is a perspective view of a lap-top computer; 
25 Figure 30 is a partial cross-sectional view of a 

detail of Figure 29; 

Figure 31 is a perspective view of a first portable 
compact disc player in a storage position; 
Figure 32 is a perspective view of the player of 
Figure 31 in a use position; 

Figure 33 is a scrap view of part of the player of 
Figures 31 and 32; -.if 
Figure 34 is a perspective view of a second embodiment 
of portable compact disc player; 

Figure 35 is a scrap view of part of the player of 
Figure 34; 

Figure 36 is a perspective view of the passenger cabin 
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of a vehicle; 

Figure 37 is a D art, al 

detail of P lgure 3 * . , laI cros ^ectioaal view of a 
^gure 38 i« a perspective view 

mobile door; f a prior art auto- 

Figure 39 is a perspective vi ew n * 

p ^re 40 is a partial* " aUtoraob "* *°or; 

detail from Pigu re £ cross ^ectional view of a 

Figure 41 is a DersrI,.,.. 

from Plgure tl .' rUal c ">s,-.ection view of. * ae t.u 
Figure 45 is a oarti a1 

instruct of Plff U * ST"**"" *~ ° f «» 

^gure 46 is a perspective v^ew of . 

instrument; ° f a second musical 

v. u* rrr\r o£ a 

0«t.H of the v.„ din "* ch r 0 """" 101 " 1 «~ of a 

figure 49 ls a p.l"L" c " ° f Pi5U " 3! 

of veeala, TOCh r n " Pe CtlV ° """" ° £ » »^«ied for. 

:::::: 50 is a perspecti - « . «». notice - 

211" 51 " 3 view of a secona notice- 

Figure 52 Is a parti. i 

noticeboards sho™ c »"-»««<»« vl «" »f the 

«*ure 53 is . persoe' " "* 

«gure 5, is aa eutu '"' ^ °* »" k " i »'-- 
i"g* card e^Jat ot ^ tiW * 
P^ur. 55 is a perspeoti * " '""""on; 
soreea; ■Motive outline view a projection 

figure 56 Is a partial .,■ 

of figure 55; ° f * deta " ° f the soreea 
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Figure 5 7 is a plan view of a room incorporating the 
projection screen of Figure 55; 

Figure 58 is a perspective view of a loudspeaker panel 
member with- edge slotting; 

Figure 5 9fi, are diagrams concerning circuits for 

input bandwidth control; 

Figures 60a.,b.,£,fi are diagrams concerning passive 
equalisation; 

Figures 61a,b.,£ show curved diffusing and focussing 
panel loudspeakers hereof and their use in a room; 
^ Figure 62 is an outline plan view of a five channel 
home movie system room using some panel loudspeakers; 
Figure 63 is an outline inside view of a room with 
voicing by passive panels hereof; 

Figure 64 is a perspective view of a passive panel 
hereof as a mounting base for an audio unit; 
Figure 65 is a perspective view of passive panels 
hereof as an enclosure for a conventional loudspeaker; 
Figures 66&,b are perspective and scrap section views 
of a piano with a passive panel hereof as a sounding 
board, and 

Figure 67a_,fe are outline plan and enlarged scrap 
sectional views for making loudspeakere hereof. 
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transducers (9,.. L e s ^« f """" «>• 
S (3) etc. ^ frameS (1) " d "Mediates 

«^ -.cor,::. 1 . i^r^ e 

a resilient suspension , 3) round <°„ " (1) ««y*»v 

t. supports a distributed' loTlono ^CSSl"^ 

reference to Fibres » ! „ ?' d « serlt » a UUr with 
usively on or in t" plnel ^ , a \ "™ «* 
15 defined by dimensions a and 1 ^ P ^ t ™ 4 1 ~ ti - 
tue proportionate side ieno^coo^e, » 
as indicated above, conversion J " n ^4.^ 
coordinates could be of oener.l ""tre-related 
of the panel -ember ,„ ''^ C °™" 

refinement by ^.'^"S:,': 
else indicated diagrammatlcallv ... sti "ness is 

» T »e transducer ,„ ^ ^ £ «> • 

waves in tbe panel to cause tbe „ ae 7Z reeon. e .71"' 

trine*™ k .' *" " aUdi ° M P 11£i «. connected to the 
transducer by lead conductors on. «'-,,. 

0 power retirements can be similar to lMain9 "* 

similar to conventional cone tvDe 
speakers, sensitivity bein, of the order of 86 . 88dB/ wat 
under room loaded conditions a_i.i«< , noun/watt 
laro.lv ».!.«.. . ^ tl " ^impedance is 
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largely resistive at 6 «V ^aa-in.pedance Is 

watts Wharf tl ' P ° Wer handlin ? 20-80 

watts. where the panel core and/or skins are of metal 

they may serve as a heat <si n v eca1 ' 

neat sink for the transducer, say to 
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remove heat from a voice coil of the transducer, and thus 
improve power handling. 

Figures 2 A and 2b are partial typical cross-sections 
through the loudspeaker (81) of Figure 1. Figure 2a. shows 
that the frame (1), surround (3) and panel (2) are conne- 
cted together by respective adhesive-bonded joints (20) 
Suitable materials for the frame include such as used in 
picture framing, say of extruded metal (e.g. aluminium 
alloy) or plastics, etc. Suitable surround materials can 
meet desiderata above and include resilient materials such 
as foam rubber and foam plastics. Suitable adhesives for 
the joints (20) include epoxy, acrylic and cyano-acrylate 
etc. adhesives. 

Figure 2b. illustrates, to an enlarged scale, that the 
panel (2) is a rigid lightweight laminated sandwich-type 
panel having a core (22) e.g. of rigid plastics foam (97) 
or cellular matrix (98) such as a honeycomb matrix of metal 
foil, plastics or the like, with the cells extending 
transversely to the plane of the panel, and closed by 
opposed skins (21), e.g. of paper, card, plastics or metal 
foil or sheet. 

Where the skins are of plastics, they may be reinfor- 
ced with fibres e.g. of carbon, glass, Kevlar or the like 
in a manner known E££ ^ to improve their tensile proper- 

25 ties. Envisaged skin layer materials and reinforcements 
thus include carbon, glass, Kevlar (RTM), Nomex (RTM) or 
aramid etc, fibres in various lays and weaves, as well as 
paper, bonded paper laminates, melamine, and various synth- 
etic plastics films of high modulus, such as Mylar (RTM) , 

30 Kaptan (RTM), polycarbonate, phenolic, polyester or related 
plastics, and fibre reinforced plastics, etc. and metal 
sheet or foil. Investigation of the Vectra, grade of liquid 
crystal polymer thermoplastics shows that they may be 
useful for the injection moulding of ultra thin skins or 

35 shells of smaller size, say up to around 30cm diameter. 
This material self forms reinforcing striations in the 
direction of injection, a preferred orientation for the 
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good propagation of treble enern , * 

the panel perimeter. ^ tr ° m the drlvin * 

point to 

*ee other arrows , C , 0 ) or ,t tt " P" 61 <»>. 
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or foamed plastics or p„ lp titer!,? " " eU " landed 
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^nufactur. and/or othe^s^""" 6 Self - Ski """* 'heir 

- without 1 ami:ror::; e e:rr i :r mtsti " M " 

performance cellular core materia ? * ui!,h 
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and which is without skins In SUltable " a radiator panel 

tor an overall lightness and the — 

gntness and stiffness suited to a partlc- 
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ular purpose, specifically including optimising contribut- 
ions from core and skin layers and transitions between 
them. 

Several of the preferred formulations for the panel 
5 employ metal and metal alloy skins, or alternatively a 
carbon fibre reinforcement. Both of these, and also using 
an alloy Aerogel or metal honeycomb core, will have subst- 
antial radio frequency screening properties which should be 
important in several EMC applications. Conventional panel 
10 or cone type speakers have no inherent EMC screening capab- 
ility. 

Much has been said in the extensive preamble to this 
specification concerning materials parameters in relation 
to sandwich structures, as to cores and skins. Moreover, 

15 progress in materials technology is very swift indeed these 
days. However, it must be useful to say a little more, 
based on materials available to us to date, about useful 
practical criteria we have developed in relation to requ- 
irements in relation to materials selection. Thus, we use 

20 the following guidelines :- 

(a) Cellular core has shear modulus of at least about 10 
megapascals and adhered skin Young's modulus of at least 
about 1 gigapascal. 

(b) For sizes of panel members below about 0.1 square 
25 metre, lowest bending wave frequencies above about 100Hz, 

a bending stiffness that can be below about 10 Newton- 
metres, core shear modulus that can be as low as about 10 
megapascals or less, and skins' Young's modulus in the 
range from about 0.5 to about 2.5 gigapascals. 

30 (c) Por sizes between about 0.1 and about 0.3 square 
metre, lowest bending wave frequencies as low as about 
70Hz, bending stiffness between about 5 aad-about 50 or 
more Newtonmetres, core shear modulus that is usually above 
10 megapascals typically about 15 megapascals up to about 

35 80 or more megapascals, and skins' Young's modulus of at 
least about 2 gigapascals up to about 70 or more giga- 
pascals. 
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(d) Por sizes between about 0 3 * n « *k t 

lowest bending wave frequency as io " ' 

bending stiffness usualX a L 4 * mt 501,2 ' * 

typically about -50 up to abound ab ° Ut 20 * e **** s <*ls 
5 core shear modulus that is w ° r m0re Newt onmetres, 

aoout between about 20 « SotST ^ " 
bung's modulus of at least about 2 HI M Ski -' 

to at least about 70 gigapascals ' * 9lgapaSCals U*y up 
(e) For sizes over about i n „ fft 
10 or more, a lowest bending wave M " * m6tres 

as about 25 to 7<m, A , " equen< * that can be as low 

pascals, and skln5 . t " ""ally over 30 mega- 

glgapascals ranging up to « t le^t h " ^ ^ * 
« (•) OeaeraU,. banding . tif „ ^ ' °°° '^""^ • 
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Newton-m.tr.s, and mass par^nit ab ° Ut 3 - 50 ° 
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not intended to be undu ly uLtlaa ~ ° "°' **» 
e.ded l ndr i v 1 n S/ . xcl t la / s ^;; swi ™«- ;; *ave suoc- 
« algb as 7.5 Newton-metres thT s 9 «iffness 

25 wa would look for in 1 *' 9 " 0t " e£fi «*"tly as 
P^oipi., ft is d U f cuTt°o Se " deSi9,,ed l0UdIP " k «»- xn 
though nac.ss.ry fnpnt polar ^ £ Z??™ 
tancy rather low; but if ,„„,, ^ 9 "' "* e " lc - 

« y tor matobiV a X istin:%rT ble ' P " f «- 
30 materials. we could do so i and cladding 

technology seams certain to .table IT"!" *" " ,aterU1S 
inations of properties th.\ structures with comb- 

own knowledge cannot be ^1^0 ^ *" ~ 

gathered over bite a shorTtL hSVi " 9 

negligible ^^T^Tt «~ — ^ 

or st *ay magnetic 
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fields. Conventional speakers have a large magnetic field, 
up to 1 metre extent unless specific compensating counter- 
measures are taken. 

Where it is* important to have or maintain screening in 
any application, electrical connection can be made to the 
conductive parts of an appropriate DML panel or an elect- 
rically conductive foam or similar interface may be used 
for the edge mounting. 

The suspension (3) may damp the edges of the .panel (2) 
to prevent excessive edge movement of the panel without 
generally preventing desired edge vibration. Additionally 
or alternatively, further damping may be applied, e.g. as 
patches, bonded to the panel in selected positions, see 
dashed at 2P, to control particular frequency modes in 
damping excessive movement, and help distribute resonance 
more equally over the panel. The patches may be of 
bitumen-based material, as commonly used in conventional 
loudspeaker enclosures or may be of a resilient or rigid" 
polymeric sheet material. Some materials, notably paper 
and card, and some cores may be self-damping. Where 
desired, the damping may be increased in the construction 
of the panels by employing resiliency setting, rather than 
rigid setting adhesives. 

Effective said selective damping includes specific 
application to the panel including its sheet material of 
means permanently associated therewith. Edges and corners 
can be particularly significant for dominant and less dis- 
persable low frequency vibration modes of panels hereof. 
Edge-wise fixing of damping means can usefully lead to a 
panel with its said sheet material fully framed, though at 
least their corners can often be relatively free, say for 
desired extension to lower frequency operation,- Attachment 
can be by adhesive or self-adhesive materials. Other forms 
of useful damping, particularly in terms of more subtle 
effects and/or mid- and higher frequencies can be by way of 
suitable mass or masses affixed to the sheet material at 
effective medial localised positions of said area. 
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area, that is not essential. Other measures, indicated 
dashed in Figures 2a. and, 2b_, include cutting partially 
(22C) into the core (22) 'through one skin 21 or adding 
damping or stiffening material/members (22S) as inner 
framing at least partially about the intended operative 
area, thereby reducing some of preferential size for the 
panel member structure concerned. 

Regarding Figure 3, Figure 3a_ shows preferential 
transducer locations for a substantially rectangular panel 
member as indicated above, for isometric aspect ratio of 
1.34:1, namely at crossings 'x' of orthogonal coordinates 
taken from 3/7, 4/9 and 5/13 of lengths of sides from its 
comers, other corners being as illustrated for just one 
one quadrant. In other Figures, the six transducer loca- 
tions for any corner on a reference are to be implied as 
represented either individually or collectively (but used 
individually within each -collection" relative to centring 
a transducer thereat) . 

Figure 3b_ shows one preferential transducer location 
as indicated above for substantially true elliptical panel 
member of aspect ratio 1.182:1, i.e. at 0.43 and 0.20 of 
major and minor axes from centre, as developed from ell- 
iptical cylindrical coordinates using the equations: 
x - h.cosh(u.um) .cos(v) y = h, sinh(u.um) .sin(v) 
where ti e V(a J - b J ) um e q.tanh(a/b) 

having constant values for u (0...1) and v (0...tt/2) at 
(0.366, 0.239»r). 

Figures 3c. and 3£ likewise show substantially super- 
elliptical and part super-elliptical/part-elliptical panel 
shapes, each with the preferred transducer locations being 
as indicated above, but only shown in approximate outline. 

Regarding Figures 4 to 6, Figure 4 shows^a" first dist- 
ributed mode panel-form loudspeaker (81) generally of the 
kind shown in Figures 1 and 2 and in which the frame (1) is 
replaced by a baffle-board (6), e.g. of medium density 
fibreboard, having a rectangular aperture (82) in which a 
distributed mode radiator panel (2) is mounted with the 
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interposition of a r.,ii..„, 

(«> can nelP „ it ;;; w s "r sion < 3 '- »• 
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is thus generally of the kind described with reference to 
Figures 1 and 2 above. A transducer (9), e.g. of the kind 
described for Figures 9 - 17 is mounted wholly and exclus- 
ively on the inwardly directed face of the panel (2) in a 
5 predetermined location as discussed above to excite and 
vibrate the panel in bending wave mode to cause it to 
resonate to produce an acoustic output. 

Such loudspeakers are relatively simple to make and 
can be made to have a relatively shallow depth, or 

10 apparently shallow depth, in comparison to conventional 
loudspeakers; and have a wide angle of dispersion in 
• comparison to conventional pistonic loudspeakers. Where 
the radiator panel is made from or is skinned with metal 
foil or sheet, the loudspeaker can be made to be shielded 

15 against radio-frequency emissions. 

Accordingly, particular device aspects of this inv- 
ention include a panel-form loudspeaker comprising a 
resonant multi-mode acoustic radiator, drive means mounted 
to the radiator to excite multi-mode resonance in the rad- 

20 iator, and a baffle surrounding and supporting the radia- 
tor: for which resilient suspension may be interposed 
between the radiator and the surround, typically an elas- 
tomeric material such as rubber, and may be sponge-like, 
e.g. foamed rubber; the baffle may be substantially planar 

25 or may be" in the form of an enclosure, e.g. a box-like 
enclosure, and of any suitable rigid material, e.g. medium 
density fibreboard, including formed into an enclosure as 
of so-called 'infinite baffle' form and/or or ported; the 
transducer may be mounted wholly and exclusively on the 

30 radiator; the enclosure may comprise a rear box portion 
adapted to be buried in a wall or the like surface and a 
front box portion adapted to project from -the- wall or the 
like, and such two box portions may be physically separable 
and adapted to be connected together in desired fashion. 

35 Figure 7 shows a floor-mounted panel-form loudspeaker 

(81), i.e. as generally shown in Figures 1 and 2, as a 
lightweight rigid rectangular distributed mode sound radia- 
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ting panel (2, mounted in or on , 

shown supported in a rectangular / reSlUent su "ound (3) 
(23, having a ground-engaging f 00 ^ °° 3 £1 °° r Sta <* 
(84, to four generally horilonta! ^ " Wt Ste » 
5 their distal ends (86) to J*! "™ ( * 5) conn ected at 
frame U) . A balanced ^7/?^ C ° r ° erS < 8 ?> of 
kind shown in Figures 9 - 17 transducers (9, of the 

-d on the panel (2) wlth ~ d ^ °° e "spective 

~ (88, on the stem (84 , to ° < alSO Su ^ted 

The pair of transducers ° ^ 

(2, at predetermined locations ° n 
is intended to operate to a*"" ' ™ S "dement 

at low frequencies by ^etl^^^i PiSt ° niCa ^ 
along with the arms (85, acts „ A (84) 
15 tionai loudspeaker drive unit h , , ChaSSiS ° f * COnve - 
wave vibration the panel at o^Tt^T'**^' 
Pistonic action, i. e . to resonaL T of 
stic output. Tne suspension 7 3 ^7 r ~"W«g acou- 
like the roll surround of a i 6 coa * 11 «*. i.e. 

0 speaker cone driver Sueh COnventi °nal pistonic loud- 
relatively simple to ^ J"^™ loud ^akers are 
atively easy to nouse, a'nd there ^ ^ 

acoustic dispersion ln comparison / 5 * ^ ° f 

speakers. °»Parison to conventional loud- 

Accordingly, particular devie* 
ention include a panel-fol , ! P6CtS ° f this inv ~ 
distributed mode acoustic rTdiaL T"" " 3 "~ 
transducer mounted to the rl ± T ' * Peri ** e ^< a 

node resonance in the radial t0 eXCite distr lbuted 

radiator, the transducer beino 1 , * ***** SUpportin * the 
and the frame to vibrate the L T *** radiat °r 

to produce an acoustic cutout- T ^ " t0 res °nate 

tne radiator at its P ^L^T supports 
Pistonic acoustic action 1 preferab ly for additional 
Pension means co**.^£TZT 

Periphery; and/or the frame h 7 * "* the "diator 
t^ radiator panel and/or tTrlslu^ 

resilient suspension of 
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elastoraeric material The <-.- a «.^ 

Tne transducer being adapted both ^ 
cause the radiator to resonate an n ° 

uw tesonace and to move the ra/ii**. 

pistonically is a particular inventive 
5 portion, a substantially upright fottioa extend f ^»"« 

£Tt»TT. P ° rti0 ° 8,14 4 PlU " llty ° f — 

from the upright portion, the distal ends of which a~! 

carry the resilient suspension. The radiator can L aTv 

10 Til Pre t 'r bly hald * the ansa, conven- 

10 iently with transducer(s) Counted on or adjacent TIL 

upright portion of the frame. adjacent to the 

Figure 8 shows another wav *e ~~ w- . 

distributed mode resonant Z££ 

is "r^r distribited — «-«o; 

(»). as in Flares 1 and 2. forms a front wall of a box- 
11*. enclosure ,., havin, sides ,135, and . reiE wall £ 
....of medium density fibre-board, together defining a 
cavity ,155, . A panel ,51, of aeoustie absorptlo „ 

20 ILo^l ^ ^ CaV " y a55, • A <"> " «-«i 

standi " al U Pr ° Vided iD the to damp 

standing waves. The radiator panel ,2, is mounted in the 
enclosure ,8, by m.. ns of . eompUant suspenslon ^° 
to emulate the roll surround of a conventional pi tonic 
cone loudspeaker end carries a transducer <„ as 
25 9 - 17 mounted wholly and exclusively on the panel ,2, at 
a predetermined location as described above 

The interior cavity , l5 5, of the enclosure ,8, is 
of a box li^" T <U '' that iS t0 * «" *»t.rl 

30 idsp^drr tr^rb containi '" a pist ° nic ta - 

(901 v y ™ ea ° S ° f P^a-lite conduit 

(90, whereby air pressure waves of acoustic f requency in 
the bass region are applied to the interior U55, of the 
enclosure to cause the panel ,2, to move pistoniLlly on 
its compliant suspension ,„ to produce a low frequency 
35 acoustic output. i„ aQdltlon the pa „ el u ^ ? 
resonate by the transducer ,9, to cause the panel to 
radiate an acoustic output at higher frequencies. An 
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aooustic radiator in the e LsuT" ? ?, eael ° 5U "- " 

„ dl « or ta ,:::::z: a r :: e :~ ion 

movement relative thereto „ "nuted pistonic 

the radiator. vbere" £ ' * ^ '« d " vin ' 

10 uted mode acoustic radlatM b" f /rstT* 1 "/ 0 "* 

wholly and exclusive!, on tL r Tl ««*« 

radiator to cause it J reeonaV. ZT *° VibI " e 0,6 

resonate, and by means for varvinn 
the axr pressure in the ,» elosure t0 M- ra "J"f ° 5 
move pistonlcally; wher. radiator to 

15 may comprise an air p^ say as " ZTT ~" 
Pistonic driver mounted "'he subsidi ^ enCl0SU "' ' 
mesne eouplin, the Interiors of ^ S ^"\ enCl °«'" 

pistonic driver are transmitted to the said B „„ 
20 acoustically absorbent m « enclosure; and 

in the said ' Wadding ' be provided 

the said enclosure and/or in the subsidiary enclosure 

. trans cT^ b ~ 9 ^ 

interior of siiff iT h! embedded 6ntirely 

nterior of stiff lightweight distributed mode panel m 
25 comprising a core f 22 . w panel (2) 

' Ced on both sid es with skins (2U 
to excite/launch bending waves in ^ , ( * 

««j.uy waves m the panel. Thp t-rsne 
ducer comprises a coil fin ..w » ^ Tne trans - 

„ f 011 (13) embedded in a fixing (16) e o 

of epoxy resin, in a cavitv .29. ,n *k 9 ' 
panel /?i cavity (29) in the core (22) of the 

30 IT IV' SUrround ^g a cylindrical coil former (18) 
30 the coil (13) and former ci8> fh„ e k • Iorn er (i 8 ), 

the panel u« b61ng ri 9 idl y fixed in 

-inrty'^rr^r .nrr of - cavity ^ 

comprising an opposed pair ' ^etV < ,,~ £T I 

~* . ( 21 ' of the Panel (2) by means 

of opposed compuant suspension members ,i„ of rubber^ 
-".rial. .... fo .m rubber, wbioh are adheeiv.iy bonded tl 
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the magnet assembly and to the interior surfaces of the 
respective skins (21) of the panel. The magnet assembly 
(14,15) is thus mounted concentrically of the coil (13) and 
is axially movable on its suspension (19). The transducer 
(9) operates to launch/excite bending waves in the panel 
(2) by vibrating to cause local resilient deformation of 
the panel due to relative axial motion between the magnet 
assembly and the coil. The drive/excitation effect is 
enhanced by increasing the mass of the magnet assembly, m 
operation, at least at high frequencies, since the mass of 
the magnet assembly is relatively large in comparison to 
that of the panel, the inertia of the magnet assembly will 
tend to hold the magnet assembly stationary and to vibrate 
the panel relatively thereto. 
IS Pigure 10 shows a moving coil transducer (9) similar 

to that shown in Pigure 9 and arranged to be embedded 
entirely within the interior of a stiff lightweight dis- 
tributed mode radiator panel (2) comprising a core (22) 
faced with skins (21) to launch bending waves into the 
20 panel. The transducer (9) is formed as a modular assembly 
to facilitate its assembly into a panel (2). As shown, the 
panel (2) is formed with a suitable cavity (120) to receive 
the transducer (9). The transducer comprises a coll (13) 
fixed to the interior wall of a cylindrical coil former 
25 (18) e.g.- by means of a rigid adhesive potting (20), the 
former (18) providing the outer casing of the transducer 
and being closed at its opposite axial ends by lightweight 
end caps (119) which are rigidly fixed to the coil former 
in any desired fashion, e.g. by means of adhesive bonds 
30 (220). The assembly is arranged to be located in the 
transducer cavity (120) in a distributed mode panel (2), by 
movement in direction of arrow 'A' as indicated in; The 
transducer is fixed in the cavity by means "of an adhesive. 
Mounted in the cavity (29) defined by the coil former (18) 
35 is a magnet assembly comprising an opposed pair of magnets 
(15) separated by a pole-forming member (14), the magnet 
assembly being mounted on the end caps (119) of the coil 
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former (18 , by means 

*~ (19) of rubber-l ike .^rT^ SUSP6nSi ° n 
which are adhesively bonded to «! *' ^ rUbber - 

the interior surfaces of thl "* gMt assembl y and to 

5 magnet assembly < l4 , 15 , ls !! r6Spectlve «d caps. Tne 
coil (13) and is L^TjT" "^ily 0 f 
The transducer (9 , onerL ° D ltS sus P^lon 

waves in the panel (2) L £"*V t0 laun <=Vexcite bending 
lent deformation of the panel i n "* * ^ ^ 
10 above with reference to the emtLf * " desc ^bed 

The transducer {9 , Tt \T ^ ° f Pi ' Ure -*- 
profile device which can be bu^ " intended a low 
thickness of a "^JZ^tTn^* ^ 
comprises a cylindrical coil # * The tran sducer 

15 e.g. by means of an ad^Tv" ^ t0 

aperture (29) in the panel m T 3 Corres P°^ing 

the interior face of the foL er fl8 ? " ^ *' - ^ Mld t0 
an adhesive. The opposed axial , 9 " With tt * aid of " 
closed by cisc-lixe compLn sus * ^ f °~ C (18) a " 
- of rubber or the listen T/ZT Z? " (59) ' 

annular corrugation (136) near tft ^ 18 fonned with an 
roll surround similar to that u Sed Peripher * to form a 

cone loudspeaker drive uni- ^ COnvention *l Pistonic 
members (59, are secured to th ^ P6ripheri ** of the 
« former ,18, e.g. b y clamping withThe' T " ^ 

or in any suitable fashion The . ° f " adhMlve 
members (59, , which centre' J! Prions of the 

annular corrugations (i 36 ? ** m defined * the 

assembly comprising an Lf? ^ 3 " Ba » Mt 

30 sandwiching a pole piece a 4 7 ° f raagn6ts (15 > 

"a^nets (is, are bonded or L • faC6S ° f the 

Portions of the members (S 9l 7 t0 thS C6nt ~ 

(14,15, is located concentric, 11 ^ ^ asse ^y 
(13) and is c.p lMi Tur ,rtthr,,P,Cttflttattil 
35 thereto. The magnet ^^^T^ 

like screens (m, mounted y is shie lded by means of disc- 

(17, supported on the pa nel ^"T" ' 

Panel (2 , to prevent or i imit the 
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stray magnet field surrounding the panel adjacent to the 
transducer. 

The transducer arrangement (9) of Figure 11* comprises 
complementary push/pull drivers disposed on opposite sides 
of the panel (2) to launch bending waves into a rigid 
lightweight distributed mode radiator (2) comprising a core 
(22) enclosed by opposed skins (21), to cause the panel to 
resonate. Coils (13) are rigidly fixed, e.g. by means of an 
adhesive, on the outside of a coil former (18) to form a 
voice coil assembly which is rigidly bonded to the opposed 
surface skin (21, of the radiator panel (2), e.g. by means 
of an epoxy adhesive bond (16, . Magnets (15) are enclosed 
by pairs of poles <14), one of which is disc-like and is 
disposed with its periphery close to the interior of each 
coil former (18), and the other of which has a peripheral 
flange (162) arranged to surround the coil (13). a fixing 
member (93, which is generally cylindrical in shape is 
arranged to pass freely through an aperture (29, in the 
panel (2). The fixing member (93, comprises opposed gen- 
erally complementary parts each formed with a head (95, 
which are clamped against the axial extremities of the 
respective pair of transducers (9, to couple the drivers 
together. The complementary parts of the fixing member 
(93, are secured together by complementary screw-threaded 
25 portions -(160, 161). The fixing member may be of any 
suitable material e.g. plastics or metal. The transducer 
arrangement (9, of Figure ll A is not rigidly clamped to the 
panel (2) adjacent to the aperture (29) but is instead 
coupled to the panel y^a resilient pads (17, e.g. of foam 
rubber positioned close to the panel aperture (29, in much 
the same manner as is shown with reference to Figures 3 and 
3 whereby the transducer works to launch beading waves into 
the panel by inertial effects due to the combined mass of 
the respective drivers. 

The transducer (9, of Figure life is generally similar 
to that of Figure li a but is intended for attachment to 
only one side of a panel (2,. Thus the magnet assembly 
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(14.15) is secured to the surface of 

0* a r.,Ui.nt su S peas lon a" .1 ^""1 

attached to th, periphery", of th. V, W " le '' ls 

Poi. Piece, (ln . fiwi ?;' " 6 < l «> «' the outer 

= "nd shown is PiJur . u t a^^:™: f " SdUCer « 9 > ° f «° 
to a panei surf.c. Thus the t ° ' aK>U «tion 
way of the former ,„, and I. "^7" * 
tula .ubstrat. <i<„ f orae d wit h a 5 ;' P ; nSl0n <"> on a 
lay.r whereby the transducer k adh.slv. outer 

According, particular d,vl« ""'^ *" ^ iti0n - 
ention Include an in.rtial vib™*! Pe " S ° f 
a voice coil assembly has a "'° n te *»aducer comprising 
rigidly fi^d to th. tubular "* 1 °°" 

disposed concentrically with,,, ^ * M9,,9t assembly 

IS -ens supports the ^ e lss^T 1 ' " d reS "- 

mant relative to the voice coil ?^ move - 
adapted to be rigidly mounted to ! T" beins 
radiator: where the resili-! * dlstr "»ted mode 

slastomeric members; the ami., T* C ° nI,ri " °PP»s.d 

clos.d by caps; and the re J" 1°' ™" 
on the caps; the coil „av b. 1 ! °" !anS ""^ ie 
th. tubular m.mb.r to £L ~ °° **" in,ler f «» <* 

b. adapted for reception IT TLT" ?" *"— " d ^r 
1« the radiator; the c. os ! cavity 
M »eans. say each comprise C ° nPrl " reSlUe " 

surround; and magnetic shield, """"^ e °*' liMt "11 
caps to r.duo. stray L£T U ZL* °~ 
con assembly may be «da„r t ""ther, the voice 

of the radiator and/or th. fi * ed * a f.c. 

30 opposed generally disc-like .T"' aSSembly ^ e0BI> "" 
on. of which is dlspossd wij!. / J ieC ! S ' °" ^"P"*^ of 
coil assembly, the p.riph e " ° "„ <° the -ice 

Pi«=.s being formed with a fL & ** KnlCn P° le 

to and to surround 

56 ""anjed to lie adjacent 
35 resilient member may be sa^lT* ""^ " ,i/oc th * 
Pieces and a face of the "diet ""^ °" ° f toa 

ccmpris. complementary ^^.r JTT" 

BuwAies and voice coil 



10 



WO 97/09842 „ „ 

PCT/GB96/0214S 

58 

assemblies on opposite faces of the radiator, and means 
tying the magnet assemblies together for push-pull 
operation. Another inventive aspect is a loudspeaker 
comprising an icertial transducer as indicated and/or 
described above, and a loudspeaker comprising a distributed 
mode acoustic radiator and the transducer being coupled to 
vibrate the radiator to cause it to resonate. 

Figure 13 shows a piezo-electric transducer (9) in 
which a crystalline disc-like piezo bender (27) is mounted 
at its centre on one end of a lightweight rigid cylindrical 
block (93) of rigid foam plastics which is rigidly fixed in 
an aperture (20) in a distributed mode radiator panel (2) 
e.g. by means of an adhesive, the said one end of the block 
(28) projecting from the face of the panel (2) so that the 
15 periphery (31) of the bender (27) is freely suspended adja- 
cent to a face of the panel (2). An annular ring (2S) of 
plastics, e.g. mineral loaded polyvinylchloride is rigidly 
fixed to the periphery of the piezo bender (27) to add mass 
to the free periphery of the piezo bender. Thus when the 
20 transducer is energized with an acoustic signal, the piezo 
bender (27) vibrates and due to its mass launches bending 
waves into the panel (2) to cause the panel to resonate and 
produce and radiate an acoustic output. The transducer (9) 
may be covered by a domed housing (26) which is fixed to 
25 the panel (2) to protect the transducer. 

The piezo-electric transducer (9) of Figure 14 has a 
disc-like piezo bender (27) fixedly mounted by its periph- 
ery (31) on the surface of a panel (2) e.g. with the aid of 
an adhesive, with the central portion of the bender (27) 
30 freely suspended over a cavity (29) in the panel (2) such 
that only the periphery (31) of the bender (27) is in 
contact with the panel. a mass (25) e.g, ..of plastics 
material is attached to the centre of the bender (27) with 
the interposition of a damping pad (30) of resilient 
35 material, e.g. of an elastic polymer. Thus an acoustic 
signal applied to the piezo bender will cause the bender to 
vibrate and thus to launch bending waves into the panel. 
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The drive effect of the tr* n «* 

the driver „ Uh ^ * 

The transducer arrani...^ , ofT"" " s '""la. 
to that of M9nre M exc ,; t « t "' °' P19U " 15 is ««X.r 
5 of pleso benders „„ are at " ' d th " a pair 

=«lty thr0UJ11 p4 e n ; i t ^ M to °» -W.lt. sloes of a 

"Ode. u tel. arrangement the ~ 10 PU51,/pu11 

(») are connected tl,.*^ * % «* °°'» benders 

Accordingly, particular device V" 
ention includes an inertial vik 7 ° f thls inv " 

Plate-liice piezoelectric bender and " tranSdUC6r h * vi °* a 
15 the bender on a member to be k " adaPted to —»t 
being such that a substantial n 1 t6d ' the a "angement 

<«■ ** for JeZ r . "u^ ^ f*" *' ^ 

-ay be secured to tie said JL . thereto; where a mass 

which may be of crysUUi" Tl °' »— 

'0 in, .sans may b e disposal r^^^T?*' "» 

■nay be secured to the nerl«h.™ 7 thereof; and the mass 
!» the peripheral ? T"' "*"»«»- 

"red to the .ember Ld th dlsc - U1 « "ender may be 

centre of the bender'. A resilient "V* *° ' 

= to attaoh-th. «... t0 th . bende r "andT/d * 

»y he attached to opposite sides o TT" "J""™ 
bending wave vibrated a „n „ , 6 merabe * to be 

- operate in pu" °ZT To"" * 4 ~« 
"Pect. . ioudspeaxer has a dlsLl .T"'" lnVentlVe 
' radiator vlth a transducer at ^ Strlbut,d «*• acoustic 
vlbr.t./„clt. the r.dl.t or T k ^ C ° Upl " * 

Tumin, to pC., '/ ' WaV ' "° d *- 

transducer (9) for .„,„, * l7 ' p l?**" 16 shows a 

waves in 

shown in P iJures , . d ' "° de ra4i "° C P " el »>. « 
hy opposed skins ,21, J' ;° mprisin9 « "re , 22) . a< . lo „ d 

transducer comprise, n^ " ^ * 

c °ii (13) rigidly fixed, e .g 
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means of an adhesive, on the outside of a coil former (18) 
which is rigidly bonded to a surface skin (21) of the rad- 
iator panel (2), e.g. by' means of an epoxy adhesive bond 
(16). A magnet- (15) is enclosed by a pair of poles (14), 
5 one of which is disc-like and is disposed with its periph- 
ery close to the interior of the coil former (18), and the 
other of which has a peripheral flange (90) arranged to 
surround the coil (13). The magnet assembly including the 
magnet (15) and poles (14) is mounted on the panel (2) by 

10 means of a fixing (93), e.g. of metal or hard plastics, 
which passes through a cavity (29) extending through the 
panel (2). The fixing (93) comprises a complementary pair 
of threaded members (91,92) each having heads (95), one of 
which heads bears against an outer face of the transducer 

15 (9) and the other of which heads bear against a face of the 
panel (2) on the side of the panel opposite to that on 
which the transducer is mounted. A spacer (127) is trapped 
between the transducer (9) and the panel (2) to spruce the 
transducer from the panel. This transducer (9) operates by 

20 locally resiliently bending the panel between the fixing 
(93) and the former (18) when an acoustic signal is applied 
to the transducer to launch/excite bending waves in the 
panel to cause it to resonate. 

The transducer arrangement (9) of Figure 17 is similar 

25 to that described in Figure 16, except that the transducer 
comprises complementary push/pull drivers of the kind shown 
in Figure 16 disposed on opposite sides of the panel. A 
fixing member (93) is arranged to pass through an aperture 
(29) in the panel (2) to tie the two transducers together 

30 and to the panel. The fixing member (93) comprises opposed 
generally complementary parts each formed with a head (95) 
which are clamped against the axial extremities of the res- 
pective pair of transducers (9) to couple the drivers 
together. The complementary parts of the fixing member 

35 (93) are secured together by complementary screw-threaded 
portions (94,96). The fixing member may be of any suitable 
material e.g. plastics or metal. In this case, the trans- 
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ducer device (9, is 

»»« of rigid ™| cl »»P«<i to the panel 

oetve.n the p. M1 J, « »«* Piastlcs. posl ,0'* 

wh tte tt 47/« advent to th. ^ 

According, pertlculer H U8 ' • 

entloo include . vl^^" "P'«. Of this inv . 
■>* . 5 inducing w ° v . °" UC9r '° -"rate . Beab « 

Ud to ie to the said 7 ' " e "••■My being aaaD . 

asse^v covrl,™"" 0 ' « >y a 

" t \ 1SP °" 4 »"h «* a«iace« * M9 " s *• "ranged to ^ 
«• Periphery of the other of ^T" — M». « 

d"l a ; Urr0Unatn ' ««"• adapted t W PIe " S 15 f or»ed 
"•Posed adjecent to tne voice Wl S " rr ° Uad " d * »• 

to the said member t ft k 6 se °ured at its 

fa**. ° Saoe in a cavltv „ .7 0, " p " se a faste- 

fastener My cc P ri S e . J 1 * ' *• tta »e„b. r . a „ d/or 

!f °" P 01 - 6 P*««s from tn e aaId „ T " 
taon trnnsducer mey compri". ""'^ Md/0 r the vlhre- 

and magnet ^ "^-"tary voice coll asse- 
•«ja«. « „ sald ne ^;/^ 'or anting cn op po - 
<" «agnet ., lnbUes * " d "«« tying the centres 
30 *" «* 9 f «ten,r having head, *' *" PU * VPU " operation 
to engage the respective OPPO!it6 ends and adaot^ 

Proferahly comprise ^ ""* U "' — 
threaded pomonS( ^ « interengaging 

disposition adjacent to the t " " me " s 4i a P te d f or 
" " CW »' b «„een the res P .c tl ^'.d for send" 
oppose, faces of the sai^^e/t::""^ 1 " «- 

5et fro - a of ^.rr^rr*^ 

«oae acoustic 
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«! 1 l t r f tyP ! k 1,ere0f ha " in? * »• Scribed above 

coupled to vibrate toe radiator to cause it to resonate 

for,. 1*7 I F1SUreS ^ t0 PiJttre 18 s >°- * panel- 
form loudspeaker , 8l , generally similar to that of pL! 

5 1 and 2 and in which the distributed mode panel T" 
forced with a generally rectangular aperture ,„, 1,'thi 
its boundaries in which is counted a second distribute* 
■ode sound radietin, panel (4, with a resilient suspension 
3 nterposed between the respective panels. The panel 
10 (4, is constructed in the same manner as the panel £ 
e.g. with a central core (22 , separating srlns m Tne 
panel ,4, is driven by its own transducer ,,, mounL 
wholly and exclusively on or in the panel <" at . ored \ 
ermlned location to produce a hlJ h I P 
» output while the panef m ~ lZ\ "TZuZZ: 
ducer „, to produce an acoustic output of lower frequency 
so that the loudspeaker can readily encompass the whole 
acoustic spectrum. • WUOJ - e 

0 hereof 19 "" " iUMtmM h ° w * attributed -de panel (2) 
0 hereof or example of the kind shown in Figures l 

can b. driven to resonate by a pair (70.,!, of transducer; 
<»>• The smaller one of the transducers (70, is a high 
frequency piezoelectric transducer, e.g. 0 f the kind shown 
in Figure 24 ; and the larger one of the transducers (71, 2 
S of the electrodynamic kind. e.g. as shown in Figures 9 - 17 
The transducers ,70.7!) .re driven by an amplifier 
(10, coupled in parallel to the respective transducers with 
the interposition of a step-up transformer (72, and match- 
ing resistance (73, In the line to the piezo transducer in 
view of its relatively high voltage requirement. Figure 2 o 

ot Z VZ * <UStribut6d — Penel , 2 , hereof e.g. 
of the kind shown la Figures 1 and 2 . can is -driven by a 

pair (70,74, of transducers /oi f h . . 

saucers (9), the transducer (70, being 

a h 19 h frequency piezo-electric transducer e.g. of the kind 
shown in Figure 2 4 and the transducer ,74, being a low 
frequency piezo-electric transducer of the kind shown in 
Figures 13 -15. Reference „s, indites that the trans- 
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(74, i S weighted with 
The transducers (70, 74, are drT" """^ itS lne «ia. 
which they are connected 7 " (10 > to 

interposed to provide a , ParalleI < with resistors (78) 

l^nvs^t IT"* diVidin? 

.... of the iT s :z\: L Tr ted node «, 

^ven by a palr of eiecLT" * ^ ^ 

" the s^own in C77 C Queers, 

(68, is intended as a hi„h * " " * Tae transducer 

» low inductance. w „e„a tt.tr drlV " « *»» '< 
« low trequency drlver ^ , ~-» <«) is Intended « 
transducers <«(,,„, ar , °* W » h Stance. Ine 

<«) with s capacitor , 77 i ' ° *T aUel " y » 
<«•) to act as a ir^.lj^ * the transducer 

" fre5U :° Cy signal to tae transducer f6 f?" B °" °' "«» 
Particular inventive daw '' 
form loudspeaker havlno a dlstnl VT" inClUae a "anai- 
'or and a f irst transdlet t^d T 
excite distributed mode reL °" radlator to 

« -avm, , second transducer "Zed 0 1 °" - 
Whe " 'he "«t and second *° "*~ U 0,6 "diator; 

operate in different fr^.n^ " "* "* — to 

transducers «a y be of "T"'* 1 ' "»»••.• Were one of the 
the transducers he of oia?'?"*'"" 10 type one of 

' loudspeaker may have ^ ^ ^ 'he panel-form 
radiator mounted on or l„ «T """""'a* mode 

acoustic 

resilient suspension coupUnc h./'"' ra<Uator - a nd 

"di.tors. the first tranlcer aM aa «°o 

exclusively on the first rad7,t„ t ' """"^ """"P and 
bem, wholly and exclusively 1 fj "V""* transducer 
tor and/or the second ra7l. to T °° " COai radla - 
the first radiator. " " oun t.d in an aperture in 

Figure 22 shows a di.t.-o, » , 
aay as for Pi gures , i0 d 2 t t ^ «>■"«"". 

loudspeaker and as a sound r.'c. Z both a 

— I" an interactive envir"" LT " for 
«»»re 22. the panel (2) A " Altn0US "' Mt **own in 

" U "° Mtad 10 a surrounding frame ' 
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(1) and is attached to the frame via a resilient suspension 
(3) in the manner shown in Figures 1 and 2. The frame is 
suspended on a pair of wires (33), e.g. from a ceiling or 
on a floor standing frame (not shown) . The panel is driven 
to resonate and produce an acoustic output by a transducer 
(9) which in turn is connected to and driven by an ampli- 
fier (10) . 

The panel also carries a pair of vibration sensing 
transducers (63), which may be piezo-electric benders as 
illustrated earlier, and are coupled in parallel to drive 
a signal receiver and conditioner (65) connected to an 
output (66). Another vibration transducer (63) on the 
panel (2), e.g. as earlier discussed, is coupled to drive 
a filter/correlator the output from which is fed to the 
15 signal receiver and conditioner (65), to provide signal 
correction. Such simple loudspeaker/microphone has wide 
scope for industrial application, e.g. for use in an inter- 
active environment. 

Accordingly, a particular device aspect of this inv- 
ention arises as a panel-form loudspeaker having a distrib- 
uted mode acoustic radiator and a transducer coupled to 
vibrate the radiator to cause it to resonate, wherein a 
second transducer is coupled to the radiator to produce a 
signal in response to resonance of the radiator due to 
incident acoustic energy; preferably with the distributed 
mode acoustic radiator mounted in a surrounding frame by 
means of an interposed resilient suspension, and/or having 
at least two said second transducers at spaced locations on 
the radiator, and/or having a further transducer and means 
for comparing the signal generated by the or each said 
second transducer with that of those generated by the said 
second transducer (s), for which suitable comparison means 
may comprise a signal receiver and conditioner and signal 
output means . 

Regarding microphones, particularly in introduction to 
Figure 23, a distributed mode panel member generally as 
above and described for Figures 1 and 2 is a good receiver 
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Per microphone appiic.ti 1 fre *»ency response. 
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single transducer, calculations for the theoretical model 
indicates an optimal arrangement including at least one 
sensing transducer location at a panel corner since all 
vibrational modes are 'voiced' at the corners (though not 
well driven/excited for a loudspeaker device hereof, ' 

Figure 23 illustrates a distributed mode panel (2, as 
a said member hereof, generally as for Figures 1 and 2 as 
intended for use as a sound receiver or microphone win be 
mounted in a surrounding frame (1, and attached to the 
frame m a resilient suspension (3) omitted in Figure 23 
but see Figures 1 and 2. The frame is suspended on a pair 
of wires (33,, e.g. from a ceiling or a f loor-standing 
frame (not shown, . The panel is shown carrying an array of 
four vibration transducers (63, spaced over the panel and 
which may be piezo-electric transducers of the kind shown 
in Figure 24 below which are coupled in parallel to drive 
a signal receiver and conditioner (65, connected to an 
output (66). Full-line transducer locations are diagram- 
matic, and actual locations can correspond, as to centring 
of the transducer, with different combinations of the above 
indicated 3/7, 4/9, 5/13 corner-related, side-length propo- 
rtion coordinates, which, as noted in Figure 3, are topogr- 
aphically very close together, especially for 3/7 and 4/9 
and shown collectively as single outlines, perhaps even 
5 being reasonably considered as effectively a single "sweet 
spot- for a small panel member hereof, though accurate 
centring according to those coordinates is especially 
effective for loudspeaker embodiments as noted above. 

Figure 24 shows a transducer (9, for a distributed 
0 mode panel (2) in crystalline disc-like piezoelectric 
bender form (27, mounted on a disc (118), e.g. of brass 
which is bonded to a face of the panel < 2), e.g. by an 
adhesive bond (20). m operation an acoustic signal 
applied to the transducer (9) leads (28) will cause the 
> Piezo disc (27) to bend and thus locally resiliently deform 
the panel (2) to launch bending waves into the panel. 

Particular device aspects of this invention include a 
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compliant mounting when placed in the ceiling frames and 
also helps to suppress any possible vibration in ceiling 
framing sections. ... . 

A preferred* form of excitations is a unitary moving 
coil inertial transducer with a 25mm or 38mm voice coil, 6 
ohms impedance, 40 watt power handling, with the coil 
bonded directly to the panel surface. A compact cup type 
magnet system enclosed and self sealing may also be bonded 
directly to the panel yia. a resilient decoupling ring 
chosen for its vibro-mechanical properties and dimensional 
stability. 

Depending on application, a low cost form ceiling tile 
can be made with a plastics foam cored paper faced board 
material, which may have a light alloy foil layer for fire 
retardancy, driven by low cost piezo vibration exciters. 
Reduced maximum sound levels are obtained, still more than 
sufficient for personnel announcements, voice overs and 
background music distribution. The wide area coverage is 
maintained. 

When metallic or carbon conductive skins or cores are 
employed the speaker may be earth bonded or grounded to 
maintain EMC screening of an installed structure. 

Accordingly, a particular device aspect of this inv- 
ention arises as a ceiling tile for a suspended ceiling and 
incorporating a loudspeaker, the tile being in the form of 
a distributed mode acoustic radiator, and a transducer 
being^ mounted wholly and exclusively on the radiator to 
vibrate the radiator to cause it to resonate, preferably 
with a resilient suspension the periphery of the radiator 
and by which the radiator is supported in the suspended 
ceiling, and/or the radiator being a stiff lightweight 
panel comprising a cellular core sandwiched by high modulus 
skins. 

The essence of the aforesaid partial cutting/inner 
framing feature could be applied analogously to such as 
polystyrene foam ceiling tiles, say as rearward ribbing 
defining desired operative area within which preferential 
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forms the frame (1). A transducer (9) is, in accordance 

to each panel (2) to 
launch/excite bending waves into the panels to cause them 
to resonate to produce an acoustic output. 

Particular device aspects of this invention include a 
visual display unit comprising a display screen and a 
housing in which the display screen is mounted, wherein the 
housing carries a loudspeaker comprising a distributed mode 
acoustic radiator and transducer means mounted wholly and 
exclusively on the radiator to vibrate the radiator to 
cause it to resonate, preferably with the radiator being 
integral with the housing, e.g. an external wall thereof 
and/or the radiator comprising a stiff light-weight panel 
having a cellular core sandwiched by skin layers, one of 
which skin layers can be integral with the housing, and/or 
said one skin layer being thinner than the average wall 
thickness of the housing, and/or the external wall of the 
housing being formed with a groove which surrounds the 
radiator and which can further usefully afford a resilient 
suspension in coupling the loudspeaker to the housing. 

Figures 29 and 30 show a lap-top personal computer 
(128) having a keyboard (137) and a member (130) incorp- 
orating a visual display screen (129) and which member is 
provided with an opposed pair of loudspeakers (39,40) 
attached to the visual display member (130) to adapt the 
computer for multi-media applications and the like. The 
loudspeakers (39,40) are formed as thin rectangular panels 
hereof which as indicated at (39) and by arrow 'A' may be 
slid from the position of use indicated in the drawing into 
a storage position in the member (130) through a slot (82). 
Alternatively, as indicated at (40) and by arrow 'B' the 
loudspeaker panel may be folded about hinges: (-34) from the 
position of use indicated in the drawing to a storage 
position in which the panel (40) overlies the screen member 
35 (130). 

Each of the loudspeakers (39,40) hereof is formed as 
a lightweight multi-mode acoustic radiator of the kind 
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described above with ref 

each loudspeaker (39 40)"^ T 1 and 2 - Thus 

with surface sheets (21) J" ( " } ,,W,Wtd ° n sides 
» its periphery on a r siU eat ^ ^ ^ SUPP ° rted « 
-ric material which in turn i, " ™ " " 

surrounding f rarae (1J e g J* «WrUd in a lightweight 
is mounted on each panel* (39 4 * A""' f transdu <=« (9) 
tion as discussed above to launch/ * Pr6deter » in ^ posi- 
ts panel (2) t0 produce an " CitS bendiQ * Waves in 
*ucer (9, may J as U ^^-tput. T he trans- 

lightweight cover (not shown, * A deco «tive 

Panel (2) surro J °* U »£ * Positioned over the 

loudspeaker. "Ma (1) to obscure the 

Particular device aspects .1 «, , 
Up-top computer comprisinV" 1, ^entice indud. , 
»=«.n. characterise, by .„ ' ~? - "*Pl.y 

attached to the computer " 7 ""^ ° f ^Paakers 
comprises a distributed M . **" eae " loud speaker 

=0 transducer wholly ^"T"' » 

vibrate the radiator to cause it / ""^ th " e °" '° 
soakers may be Bounted »•«*. The loud- 

spea,t ; r : rc. hin9ed - - • Th * — 

« loudspeakers V eaT be " >* "» 

«cree, housing for slidina " *" the dis > 1 ^ 

Position. in ^ SrZJZZ" betVe " * St0ted 
wholly housed in the .w 0U f Speakets *« substantially 

loudspeakers are posltioneT * P8Siti<>n ln Whieh *»• 
'0 display screen. " tionea «» opposite sides of the 

l.y.rs. and the 

surroundino frame by means o, a rTsili ' S ° PPOrted in ' 
5 Fibres 31 to 35 show a '"Pension. 

Player ,41, of the JTl " Personal oompact disc 
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fro. th. piayer and control buttons ,137, by which the 
piay.r is operated. The piay.r ,41, t< provided Klth ^ 
opposed pair of loudsp.a'k.rs (8!, in th. form of thin 
pan.i-for,. ,40, hinged to opposite sides of the 

ITL 7 " r 4 " leh the pilyer - The *—p— «.•<!£ 

are sized to be co-extensive with the piayer and are 
arranged to be hinged fro. the ciosed position shown in 
Figure 31 to the extended position shown in Figure 4 as 

(85) of the piayer ,41, tends to act as a central baffle 
separating the loudspeakers ,40, to i mpr ov. channel 
separation. # nnei 

Each of the panel-form loudspeakers (40, is a distrib- 
uted mode acoustic radiator hereof, generally and/or as in 

ilhr ^r 2 ' ThUS 6aCh ^^er comprises a ri^ 
lightwexght panel (2, formed from a cellular core (22) 
enclosed by skin layers (21,, the panel being mounted in a 
surrounding resilient suspension (3,, e.g. of foam rubber, 

20 m° T ^ mOUnted in 3 li9htwei ^t rectangular frame 
20 (1, eg of plastics. A transducer (9), e.g. of the kind 
described with reference to Figure 24 is mounted on each 
Panel (2, to launch/excite bending waves in the panel to 
cause the panel to resonate and produce an acoustic output. 
The transducers (9, are positioned on the respective panels 
25 (2) m predetermined locations as set out above 

Figures 34 and 35 illustrate a portable compact disc 
Player (41, of the kind comprising a body (85, carrying a 
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turntable (86), operating buttons (137) and a lid (139, 
hinged as shown by arrow 'D' to close over the turntable. 
The player (41) is provided with an opposed pair of loud- 
speakers (81, in the form of thin panel-form members which 
as shown at (40, may be hinged to the sides- of the lid 
(139) to be movable as indicated by arrow 'E' from a closed 
position (not shown) to the extended position shown. Alt- 
ernatively as shown at (39, the panel-form loudspeakers 
(81, may be housed in a slot (not shown) in the lid (139, 
and slid as indicated by arrow < P < between extended and 
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retracted positions. Each of t-h 

< 39 < «0, i S a dlstribute C d h m ° o f de the P-el-fonu loudspeakers 
**us each loudspeaJcer ^ * l C 2Z C r Aiat ° r h6re0f - 
(21 f— d f r0B a ceUul P ar 1Se c r *W '^weight panel 
5 ^ers (21). the panel beiJ enclosed by s Jci n 

resilient suspension (3) .7 ^ 3 SU ~i ng 

turn is mounted in a lightve^ rUl * er ' WMch *» 

of Pities. A transduce; ^, eT »> 
with reference to P lgure 24 J' e * 9 ' ° f <*• ^ described 
10 ^unch/excite bending waves in °* Panel < 2 > to 

to resonate and produce an acous J ^ %h& panel 

• (»> are positioned on the rllZT, ^ ^ ^^cer 
aance with teaching hereof " (2 > in *ccor- 

Particular device asn^f 
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loudspeaker belno of dlstriw * Player ' e «" 

hereof havm, f aC ° U5UC " di "« 
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speak.rs are substantially vho^"? 0 "' ^ WnlC " the loud - 

• use p„i tlon ln W hlcb tie To "/ * °" Sl0t ' " d 
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In Plgures 3« and 37 , _ „, 
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ferry, has rows of p.... " C " rl< " e ' n0t ° r ~<* « 

<«3, or which are Ino^'aLT* tie 
conventional the seat >T ks **" ™> ' *° 1S 

* suitable plastics material . S " ellS noulde ° *«» 

lb figure 37. the moulded backs ,20^ ^"^"^ 
are moulded with oenerallv JL the " ats (103 » 

-as „, ^ ; ^ r«r u te S r auveiy mn 

1 These areas 
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stiffened on their inner faces with a lightweight cellular 
core (22) which is backed by an inner skin (21) to form a 
rigid lightweight multi-mode radiator panel (2) of the kind 
to which this invention generally and Figures l and 2 
particularly relate. The grooves (100) effectively define 
a resilient suspension (3) and the surrounding seat backs 
(203) form the frame (1). a transducer (9), e.g. of the 
kind described in detail herein, is attached to each panel 
(2) to launch or excite bending waves in the panels to 
cause them to resonate to produce an acoustic output. 

Figure 38 illustrates a conventional domestic automo- 
bile door (140) in which a conventional cone-type pistonic 
loudspeaker drive unit (42) is mounted in a pocket (141) in 
a moulded or pressed door lining (104). The normal conse- 
15 quence of this is that the sound radiated by the drive unit 
(42) is directed towards the feet of the occupant(s) of the 
automobile, matters being made worse by directional charac- 
teristics of conventional loudspeaker drivers. 

In Figure 39 an automobile door (140) has a door 
lining (104) having a pocket (141) incorporating a loud- 
speaker (81) hereof. As usual, the door lining (104) is 
moulded or pressed from plastics or fibreboard. The lining 
is formed with a generally rectangular thin area (2) 
bounded by a groove (100). The area (2) is stiffened on ' 
25 its inner face with a lightweight cellular core (22) which 
is backed by an inner skin (21) to form a rigid lightweight 
multi-mode radiator panel (2) of the kind described above 
with reference to Figures 1 and 2. The groove effectively 
defines a resilient suspension (3) and the surrounding 
30 lining (104) forms the frame (1). a transducer (9) e.g. of 
the kind described in detail for Figure 24, is attached to 
the panel (2) to launch/excite bending waves-in the panel 
to cause it to resonate to produce an acoustic output. The 
wide dispersion of sound produced by a loudspeaker hereof 
35 will provide an improved sound field for the occupants of 
the vehicle, with much reduced local 'hot' spots. 

Figures 41 and 42 show an automobile (106) with loud- 
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speakers (81) m a parcel shelf 

the automobile. i t will be ( ° S) tow ards the rear of 

divided longitudinally by L^nT *** ParCel Shelf is 

into two areas -to produce 1 11 * StrU ~ rib (43, 
5 (81,. Otherwise, the confix 1 ° f l0Uds P e **ers 

as shown in Pi gures 39 °' ^ is 

Accordingly, a particular devie* , 
ention arises as a vehicle hav, ° f this ^ 

with a loudspeaker of distribut*!, * PaSSengrer "apartment 
10 type hereof with a transdul "** aco » st ^ radiator 

-ely on the r^^^T^ ^ *** 
-use it to resonate, rhe ralZ radlator — 

Passenger seat in the vehicle or wiL^ V" iDtegral With * 
enger compartment. The radia J r iDt ° the P ass " 

5 interior of the passenger Con l ?* * Wlth <** 

comprise a plastics moulded cZT *** V6hiCle 

the passenger compartmen^T^ " ~ Part ° f 

with the component. The ^ ~* *' 

lightweight panel having ceu!l!! COmPriSe * Stlff 

^ skin layers, and wherein one of t , "? SandWiChed 

the moulded component. The sa J iS inte ^ ral with 

comparison to the average wal 1 T thin in 

The said one skin may be f M " ° f the component. 

-Ponent, the groove ^£T£2£ t * W °~ " ^ 
radiator. - m another aspect « vehi el ^ f ° r thS 

a loudspeaker having a distribZ* C ° mp ° nent "".prises 
and a transducer ^ 
radiator to vibrate the radi*! delusively on the 

^^res 43 , 44 and 45 In ' ^ " t0 

board musical instrument (137, **' elect "*i<= *ey- 
body (138, supported on ground IZ t Pl3n °' COnprls i^ a 
^dy (138, is formed with a v " ? ? ^ <139) ' ™* 
instrument is played r„ * ^ (140 ^^ which the 

-ent is provided with ^^T^ inSt - 
^ys and with a signal ~7 t0 ^ 

which is a distributed raoJ'oZt T^ ' l0Udspea *«r, 

■•• Figures 1 and 2 , inco "ra« ^ (81) h6reof < 

incorporating a stiff lightweight 



WO 97/09842 



PCT/CB96/0214S 



76 

rectangular panel (2) mounted by its periphery in a frame 
(1) with an interposed resilient suspension (3) and driven 
by a transducer (9), all a* described above with reference 
to Figures 1 and 2. As shown, the loudspeaker (81) forms 
5 the base of the body (138). Figure 46 illustrates an 
electronic keyboard musical instrument, (13 7) quite similar 
to that of Figures 43 to 45 having a body (138) having a 
keyboard (140). The body is supported on front legs (141) 
and is provided with a panel-form loudspeaker (81) as a 
10 back support of the instrument. 

The loudspeaker (81) comprises a rigid lightweight 
distributed mode acoustic radiator panel (2) mounted by its 
periphery in a surrounding resilient suspension (3) e.g. of 
foam rubber, the suspension being supported in a baffle- 
15 like frame (6), e.g. of medium density fibreboard. a 
transducer (9), is attached to the panel (2) to launch 
bending waves into the panel to cause the panel to resonate 
to produce an acoustic output. The arrangement is thus of 
the kind shown in Figures 1 and 2. The transducer (9) will 
20 be driven by an amplifier (not shown) which is connected to 
receive signals produced by depression of the keys of the 
keyboard, in generally conventional fashion. 

Particular device aspects of this invention include an 
electronic musical instrument having a keyboard, with a 
25 loudspeaker comprising a distributed mode acoustic radiator 
and a transducer mounted wholly and exclusively on the 
radiator to vibrate the radiator to cause it to resonate, 
the radiator being generally as herein, e.g. as a stiff 
lightweight panel having a cellular core sandwiched by a 
30 pair of high modulus skins, a frame surrounding the panel 
and a resilient suspension supporting the panel on the 
frame. The electrical musical instrument jnay have legs 
supporting the instrument above the ground and the radiator 
may be provided at the base of the instrument. The 
35 loudspeaker may be positioned with the radiator 
substantially vertical. The loudspeaker may form a ground 
support for the instrument. 
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Figure 47 illustrates a • 
nrinks dispenser tle J <10 8) . .... . 

* forms p.rTof tte f Tf" """«• 

vending machine,. Toe lo ' ^r ,,, U ° 9) ° f «• 

S ide audio information aa to t H.' ' ' " * 

"achine and/or the manner it la d " PenSaWe of the 

('09, of th. machine carries L ° Per " ed - "a front 
*«ed mechanism „„,, product .eu^ °" U " U * e 
dispenser outiet (142, ? he " Select « Panel (137) and 
10 rectangular lightweight £ J <M) co "e"*es a 

»> comprising' a X^ST^,,"? """" 
layers (21, on both faces , h . (22) havin 9 skin 

its periphery on a result . " beiD9 SUPP ° rted «°»-d 
rubber. I is ^ i^L" T^" *•»• ° f f °a» 

" (1, »ount.d in th. front "acT „ " ' "««^er trine 
Thus the loudspeaker is of the k .„* „ MO ' ,ine <1° 8 >- 

«* »• Vl.ua! information e.g ^T' *" "' U " S 1 
end text. m.v be applied to the panel ,2, A °' g " P " ieS 
pane! , 2 , carries a transducer ,T, „ 6Sir,d - The 

" in, wave vibration as resonlL °' *° •***• 

output. T ne machine wl" '° " a «"»ic 

generator to produce the nece^rTmee" 16 ^ "' M1 
-eans (not shown, for driving ^ f '" e " ases an<1 amplifier 
i«d the device can j T b " «~ 

» that the distributed mode panel ^""l" «™. 
as a loudspeaker and as a sound ~ MP ° ° f U " both 
shown in figure 49. receiver or microphone, as 

The panel is shown driven 
electric transducer , 91 as * *° """ation a pi, 20 . 
'0 turn i. conn . ct . d t0 <^ •« •''«« m Pl 9 ure 24. which i. 

Pan.1 also carries a pair o, 1 «* Ufl ~ (»0). Th. 
«Wch .2.. pleso-electric LcTaTi^V"" 4 """ 
which are coupled in parallel V. * igaCe U 

and conditioner (65, connect.* . * " 5nU rs «iver 
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receiver/conditioner (65), to provide signal correction 
At least one of the transducers is configured such that 
verbal instructions can b* given to the vending machine 

Particular device aspects of this invention include a 
vending machines incorporating active acoustic devices 
hereof, e.g. in the form of loudspeakers for the purpose of 
providing information concerning the manner of operation of 
the machine or its contents, wherein a vending machine may 
comprise a store of articles or product to be dispensed 
user-operated means for selecting the article or product to 
be dispensed, means, e.g. a coin freed mechanism authoris- 
ing dispensing, its loudspeaker hereof allowing voice 
communication, conveniently along with a visual display 
panel afforded by the radiator, say as a stiff lightweight 
panel having a cellular core sandwiched between a pair of 
skins, the panel being surrounded by a frame and mounted in 
the frame by means of a resilient suspension. Such vending 
machine may comprise a body and the frame may be attached 
to or formed by the body; and may have a second transducer 
coupled to the radiator to produce a signal in response to 
resonance of the radiator due to incident acoustic energy 
Preferably, at least two said second transducers are 
provided, at spaced locations on the radiator. A further 
transducer may be provided on the radiator to produce a 
signal in- response to resonance of the radiator to due to 
incident acoustic energy, and means may be provided for 
comparing/conditioning the signal generated by the said 
further transducer with that of those generated by the said 
second transducer ( s ) . 

As introduction to Figures 50 to S2, the acoustic 
panel technology of Figures l and 2 and generally hereof 
can be applied to the design of normal ..board material 
commonly used for notices and display advertising, the 
normal processing of these boards e.g. lamination, screen 
printing or spray painting, being unhindered. The board 
itself may thus be specified, dimensioned and electro- 
dynamically driven to operate as a wide coverage acoustic 
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radiating panel a fiat loudspeaker , 

audience of up to 10 person, Z . Lll o T' ' 

Panel or 30-50 persona for a 0 7 tl , , 

nay be served at natural „„, , 5,Uare metre "« 

5 ulate reproduction o f speel V eVelS 

relevant sound ejects, as ^^V 6 *""" nU "= « 
dispersed acoustic radlaUo^Crtl.? ofV """"^ 
distorting effects of l M .i ? ° e Panel - 

minimised. A substantial »h , ""ectlons are 

L0 ortlon of the acoustic plnel d ° bStmCtl ° a « - P»p- 
tbe sound distribution. " "° t Impair 

Lower levels of sound and of electric! , 
are required for a given l„„.> . ele ctrical in put pouer 
Uity. t n a preferred fo™ e ""^"-/intelligi,. 
S low cost structure of pap.Tntev k P " el C ° mPrlS " a 
tbicr bonded to reinforcing " '°" °°" 3 '° 6 - 

«- coated paper ^ H VTT £ » » » — 
preferred drive for an 4 thickness. The 

face or even embedded a «- — 
' ted in bendlaJ or Mss P^oelectnc, opera- 

Tb.se transducers nave a naturaUy ris ina" C ° UPle4 ^ 
witb frequency which is predict, * aCoustic output 

to a flat response by IT T * °' U «*"Y •* Justed 

*«ve to the capacttl: CoTT l'"'" """^ 
by mass loading of the oi«„ , transau cer. and also 

acceleration is inversei " " 91Vea — «*• 

^ the detailed SKta^TT" 1 *° ' t "°~» a °< 
of the board. By control 0 ,.h. Properties 
arms, the visco-elastlc ■ teOUS l08S faCtor in 

tn. s>ln to core Z V ^ ^ 

applied surface laminates incil ' *° *** * 

displayed l M g. or t.« Md th °' ° <oe tne 

«r. i„ shear and ™ ""^ ""'"ties of the 

response * ~ ^UT"' 1 "' "» d — frequency 

Where higher sound levels and laro.r 
erned. ,u 0 y or part alloy , Wn , ull , P " elS conc - 

coverage over the panel wit. " Pr ° Vld * J °° d ""^ 

Panel, with a proportionally lower loss 
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factor which appropriately matched to a higher power moving 
coil type of transducer. The latter has a flat region of 
frequency response. Where a flat, uninterrupted surface is 
required on both 'sides of the panel, the transducer may be 
of the embedded type concealed within. If magnetic screen- 
ing is required for the latter, thin 0.5mm mild steel foils 
may be included under the skin surface over the transducer 
area. A small gain in efficiency will also result due to 
improved flux linkage. 

Small, low cost examples of the notice board will not 
require specific framing or specified damping, if of the 
desk or counter top form, sufficient damping is provided by 
the simple contact of the lower edge of the acoustic panel 
with the surface it is placed on. The device would have a 
Photo frame type of back rest, effective even if fabricated 
in light card. Certain classes of stiff foamed plastic 
e.g. unplasticised PVC, have appropriate bulk properties 
either self skinning or unskinned, to operate within the 
acoustic panel theory range. These can be used directly as 
acoustic panels of this type without additional stiffening 
skins. 

Figures 50 to 52 illustrate a noticeboard, advertising 
display board or the like (48) incorporating loudspeaker 
technology hereof, and as shown in Figures 1 and 2. Thus 
a loudspeaker (81) incorporating a rigid lightweight distl 
ributed mode acoustic radiator panel (2) of the kind shown 
in Figures 1 and 2 has graphic information, e.g. text and/ 
or pictures of any desired kind printed on the panel (2) 
The graphic information can then be supplemented by an 
audio message ylA the loudspeaker to reinforce the message 
As shown in Figure 50 the loudspeaker/display board (48) is 
mounted on a stand (23) in the form of an easel-. Alternat- 
ively the loudspeaker/display board may be suspended on 
wire (33) as shown in Figure 51. Alternatively the notice- 
board may be supported in any other desired manner. As 
shown in Figure 52, the frame (1, may incorporate a return 
Up (41) to conceal the resilient suspension (3) which is 
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attached between the rear face «, . 

margin of the panel (2) . ° f a ° d the Peripheral 

shown in P igure 24 , t - * SUit able transducer is as 
type. , 1 * e ' ° f ^"oelectric bender-on-disc 

5 Particular device aspects ef 

visual display apparatus LprisL a iDVenti ° n 
board in the form of a distxi^l ° r the 

having a transducer "-"0 radiator 

to vibrate the radiator to ca« e it t ! ««~- 
10 loudspeaker which can be use/ t "senate, .thus be a 
information displayed thereon ° h r6inf ° rce «** visual 
comprise a stiff light-weiaht ' * radiat or may 

sandwiched between skin iLJ^ * C6Uular co " 

resilient suspension mounting tiJ SUrr ° Undln * f «»* and a 
5 f ~» a return ll^L^^ 1 " «» ^ the 

sUns may be of or may coapri s ^ he -pension; the 
comprise paper honeycomb- and ,k *"* tte COre -V 

Piezo electric bender. ' transducer may be a 

> loud-speaker tL^?4^^r C, ^ 1,lg inCOr P° rat ing the 
the form of a box (111, hav lno 1 h! PaCka * in S *■ shown m 
or at least part of it ^ng * ^ U * < 139 >< box, 
ising a core of foa»^ ~, 1 r ° m a co »Posite 

of Kraft board to for* a „'T bet »een 
«»t the box comprises . " " """^ 2 ' 

"Ode acoustic radiator as J ""height distributed 
«gur.s 1 and 2. The * " *••««»« «th reference to 
— to for. a distributed ""J " " 

«thou,h an, one of the paneu ' Z£ * Ml. 
oox wouid be appropriate if ^tlbl *** « «» 

alternative pUce„.nt for the I * """""ed. An 

dotted lines, transducer (9, ls shown ±a 

°Y a sound generator/amplifi er/ k 3 driv en 

-nted on the re.r panei" " 'unit i""" ^ 

Unlt (ll2 > ls controlled by 
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ur"", f ° raed inte '""r with a „i„, e (S „ by „„ ich the 

" CUred t0 - th6 «» "und gene- 

rator is activated when the lid is lifted, m this all 

edge termination o f tee panel <„ i. t J^T 

5 the corners of the box so Haf ...a. • y 

oox so that no additional frame m nr 
suspension ,3, of the xlnd shown i„ Pi9<lres , ^ " 
retired, it will be appreciated that toe pacha,", Led 
not b. of the shape show* in the drawin,, and did for 

10 co X a 4 t r ; hSPed SCCOrdln9 te tte "^"ments of he 

comoaTdi 1,16 PiCka * 1 '" mi9 " be Sfci ^ *»' 

compact disc or the llxe and may be arranged to preview the 

contents of the compact disc or to provide other inform! 
ation relating thereto. " 

l, „ v P " tlCUl " device «P««s of this invention Include 

^.d V 0mPrmn ' 8 b °" d C °"°°™ t * «i£ 

ibuted mode acoustic radiator having a transducer mounted 
wholly and exclusively on the radiator to vibrate the 

a paneT T " *° """"^ ^" ^ 

a panel having a cellular core sandwiched between skin 

between sheets of Kraft board; the transducer may be a 
p.ezo-electno bender, and the board may form one side of 

wltTth* Ha" ^ haVe * Ud: " e " S My be ««=0iated 
with the lid for triggering actuation of the transducer on 
2 S movement .of the lid relative to the box. The packing may 
further comprise a signal generator, an amplifier and a 
electric battery. 

Figure 54 shows a greetings or similar card (44) inc- 
30 ! h rP T tin9 louds *"*~ technology, hereof. The card is in 
30 the form of a folded member having a front leaf (145, and 
a rear leaf (146,. At least the rear leaf (146, is made 
from a composite board consisting of a core H 22) of foam 
Itali c h SandWiCh6d b * sk ^s of Kraft board (21, to form a 
rigid lightweight distributed mode acoustic radiator panel 
35 (2 of the kind described in Figures 1 and 2. Such comp- 
osite boards are known under the trade name KAPP ABOARD it 
has been found that a panel shaped according to the Euro- 
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pean standard 'A' series is suitah, 

shown m Fi gure 24 is att^K „ * transducer < 9 ) as 

vibrate th. wl ^ J^e <! <" 6) <° 

acoustic output.. The transducer », *° Pr0dU " " 

5 seaerator/amplifur/battery unit " ^ * Sl ' oal 

* switch ,53, concealed '7 ^ is by 

activate the signal generator \ C " d so " *» 

will be noted that i" thi s C " d l! * 

-rrouad (3, is required VmeT.Tta' ' "° (l » « 

10 is provided either by th. ... " ^ Pi '" et - " e «rd 

constructed and,,, Z ZZX^T ^ ^ "* 
surface. 9 " eard or standing it on a 

Particular device espects of the . 
greeting or the 11*. e « a ^"J*" lnvaa "<>« 1-olude a 

15 f °™ in * « Last pert of the cart ^ th.V 0 """"'" * b0 " d 
ibuted mode acoustic radiator lev', d a dlstr - 

ably of plero-eieetrlc bender ! ' " tt —*»«. P«,er- 
mounted wholly end exclusive!. 7' ' CryStalii " 
the radiator to cause it tV """or to vibrate 

being a panel havi ? "» ^^rably 

s*in layers, say a core of f sandwiched between 

between sheets of Kraft board SuTh h ""V"" 
ot the card, which may have a pal, £7? f °" * X " f 
with associated means for trl " ' pre£a «bly 

« radiator on movement of onelelf 7 aCtU " l0 < ° f " a 
leaf, and a 9re etln,s or the Use^rd" *° «*" 
signal ..aerator, an a»p llfl . t " a „ f " 
a leaf of the card. " eleet «<= battery on 

"jure ss shows a mulri 
0 comprising a moving ^cZ^ZcTZT^ 

Project an image onto a prelection L arr<,n9Sd *° 

loudspeaker pane! (32) of * by a 

*• The latter (33, comprises a p 7ne ^ hav^T * 
or carbon fibre reinforced s " ; , ' alU " iniUm 
' ^"Vcomb cor. (J2) of aluminium fou Th. 1°™°' * 
be secured together n<i„ 8 composite may 

panei sis. J ^ ^ZT^ P « a screen 

1.38.. the thickness of th. aluminium 
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skins may be 300 microns. The core thickness may be limm 
and the cell size of honeycomb may be 9.5ram. Such a panel 
is stiff, of low density. High modulus and is substantially 
isotropic as to bending stiffness. 

A pair of smaller subsidiary loudspeakers (114) o'f the 
kind described in Figures 1 and 2 are hinged on opposite 
sides of the centre channel loudspeaker panel (32) by means 
of hinges (34) whereby the subsidiary panels can be hinged 
against the primary panel (32) when not in use and can be 
moved inta th* position as illustrated for use. The sub- 
sidiary panels (114 J are arranged to receive and radiate 
respective left and right hand channel information, e.g. 
for stereo operation. The subsidiary loudspeakers (114) may 
comprise panels (2) having skins (21) of aluminium foil, or 
15 carbon fibre or glass fibre reinforced plastics. A decor- 
ative film, e.g. of Melanex, may be applied over one or 
both of the skins. The core (22) of the panels (114) may 
be of aluminium foil, e.g. in a honeycomb cell arrangement, 
or may be of paper cells. Where paper is employed it may 
20 be impregnated with a plastics material such as a phenolic 
compound to improve the stiffness of the paper. The cell 
size may be in the range 3 to 6mm and the core thickness 
may be of the order of 3 to 10mm. Where the skins are of 
aluminium foil they may be 25 to 100 microns in thickness. 
25 An epoxy adhesive may be used to assemble the panel. 

Stereo, i.e. two-channel sound reproduction, involves 
the creation of sound stage illusion containing the proper- 
ties of source location, perspective and the ambience of 
the original recording. Stereo with conventional speakers 
is strong on aspects of phantom source location and in some 
cases perspective, but is weaker in respect of the express- 
ion of natural space and ambience. This .is.- because the 
near point source nature of conventional pistonic speakers 
makes it easy aurally to identify their physical location, 
35 which in conflict with the desire for overall stereo image 
localisation. 

It is often said that as reproducing devices the loud- 
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speakers should disap D ear in*« -u 
Part of the problem Ue S in the , 

radiating directivity of. rela tiv e i y narrow forward 

g directivity of conventional speakers a,m,«.< 

ally, the sound -balance to the «hh speaJcers ' Addition- 
«: ~« the SJ -des and rear of the Bn «i 

S osure, sound which strongly drives «.h. w • 

.cant variations In fr.,uency response. Iw , det " 
tha sens, of natural acoustic space lnd ^ " * 
The embodiment of Figure s«? 
10 panel speakers for left Z r j ht T ,* 4C ° USti ° 
=o B pl.x vibration ovar tTwn L eulrT "* "* * 
ancy ranoe typically lOoiT^ J"" * freqU " 
loudspe.ker pah.l , 32l ,! ,° T " e CMt "Vprlmary 

-an. ,33, b« alternatively ™. TT' °° SUSPenSiM 
'5 a.,, on a floor stand. P " el "* be «W«* 

Figure 57 shows how the nrMa,*. • 
arranged in a rooa (M „ elL^ " 

apparatus has a projector m, Se " i09 (1<6 »- The 

20 which may be of convention^ subwoofers (35). 

the room to J^Srrj' °' 
effect loudspeakers (117, , extensl011 <»■><» a pair of rear 
at the rear of the roo " 

are also of the kind,,,' SUltably tie te « s P«*«s ,u„ 
2S th.,, „... 7 h °™ in Pi * ur " 1 «» 2 in view of 

rear dlSPer5i ° n =""«teristics Tne 

cue suosidiary loudspeakers (114) 
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ambience reproduction. Due to the intensity phenomenon of 
aurai perception, audience members seated cioser to e 
nearby ambience speaker find their perception strong 
localised on- that speaker gre.Uy impairing the ambience 
effect and their whole appreciation of the muitichannei 
sound fieid. The iocaiisation may be so powerfui that 
aural attention is drawn away from the primary front stag, 
sound channels. »v.a ge 

An ambience reproducing system built wit.h one or more 
loudspeakers according to the teachings hereof deliver a 
large sound field or near uniform intensity which has 
deliberately poor localisation, a large audience may be ' 
handled, even with some persons in close proximity (as near 
as 0.5m, to the panel loudspeakers without any significant 
localisation of the immediate reproducing channel and with 
the vital property of an unimpaired aural perception of the 
important front channels. Greatly improved realism is 
achieved for the multi-channel sound reproducing system as 
a whole as a result of the desirable radiating characteris- 
tics of the acoustic panel sound reproducer. The ambience 
loudspeakers may if desired be suspended on wires and 
disguised, by the application of a suitable image to the 
panel (2, to resemble pictures. 

Figure 56 shows how the frames (l) of the projection/ 
25 loudspeaker panel may be formed with a return lip (3 6) 
whereby the suspension (3) can be concealed. The frames of 
the subsidiary loudspeakers (114, and the ambience loud- 
speakers (117, may be similarly formed. 

Particular device aspects of this invention include a 
projection screen comprising a panel having a light reflec- 
tive surface, wherein the screen is a distributed mode 
acoustic radiator having a transducer mounted wholly and 
exclusively thereon to vibrate the radiator to cause it to 
resonate; the radiator preferably comprising a stiff light- 
weight panel having a cellular core sandwiched between a 
pair of high modulus skins, a surrounding frame, and a 
resilient suspension mounting the panel in the frame, the 



20 



30 



35 



IS 



20 



25 



30 



35 



WO 97/09842 

PCT/GB9fi/0214S 

87 

cellular core preferably beino «f k 

foil, and the skins preferably b aluraini - 
Plastics: and/or as the proW ' fibre -™"ed 
form loudspeaker, attached , C °^ risi ^ P-el- 

5 provide left JT«£tL IT* ^ * 

and right hand loudspeakers \ T 1ft 

he foldable ^ ° D the " di ^or to 

themselves as \Jrl t J* »T 

having a transducer mounte d Ztl^ZT, 
) to vibrate the radiator to cl^ it to 6XClUSiVely thereo ° 

audio visual apparatus charact ' i , k ' 

as aforesaid and/or 4^^^^^°" ~ 
at least one rear channel IcJ^lTTlL' 
distributed mode acoustic radial 7 ^ ° f a 

T te d who i ly and exctslC VbrrX 
radiator to cause it to resonate borate the 

~~e s r ;\::™: a ?jr<rr - to 

iz::: as r centre ° r ^ « »r ^ 
^ 0 :. c o.r„"e acou r ie pineis hereof *~ 

for audience J u providin 5 v ery good sound 

coverage 

intelli,lh.. ( V ? 9 dM """ it ""-on S have shown high 
! " U . ty T S ° Und Cli "^ th. whole audience 

screen do \ MJ ° r ttat * the 

s., y 3 Ilaw of conventional direr*- 

radiating cone based speakers 

that n W ; ° £ 1 — iouO.pe.se" 

sLll ! aPPe " *° °° ne tton ™* concentrated 

whereas, for an acoustic panel hereof, its uniouelv ,™ 
directional radiation property ae.ns that the souTd appear 
to co„e fro. the ,en.r.l acoustic re,lon of the screen Z 
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not from one isolated point, so that, when the image is 
accompanied with sound on the panel, there is a powerful 
synaesthetic effect, in that lack of specific sound source 
localisation allows the ear/brain sound-sensing combination 
freely to associate an imagined, virtual and undefined/app- 
roximate location for sound sources sensorally to appear to 
be synchronised and/or registering with locations presented 
by the visual image on the acoustic surface, e.g. mentally 
relating voices quite closely and accurately to mouths and 
faces. With well recorded dialogue sections, not only does 
a virtual or perceived acoustic image appear to track the 
actual visual image, but can also serve to convey the inf- 
ormation needed for the perception to depth/perspective, so 
that the quality of audience involvement in the cinematic 
IS experience is substantially enhanced. 

Slotting (38) for edges of resonant mode panel members 
hereof, see Figure 58, can also be useful in dealing with 
improving uniformity of bending wave action, and/or gener- 
ally for controlling particular frequencies by affecting 
20 relevant resonant modes. 

In relation to any desired further correction, or 
composition of desired frequency-related response, perhaps 
particularly at low or high frequency ends of operating 
range, say if coincidence frequency is included either at 
5 such end -or medially, electronic input signal processing 
for a loudspeaker hereof can be provided. 

Figure 59 shows simple input signal bandwidth control 
through capacitor (77) and resister capacitor (78,77) 
amplifier (10) circuits (Figures 59a, S9b) for piezoelectric 
0 transducers (9, Figure 59&; 79, Figure 594) including 
assessing to a required range response (96, Figure 59s.). 

Further sample passive equalizer circuitry (compared 
with normal core-type cross-over networks) is indicated in 
Figure 60& (using amplifier 10 with parallel LCR network 
5 113, 77, 78) and Figure 60c. (parallel resistor-capacitor 
circuit (78, 77)) relative to particular frequency response 
requirements (Figures 60b., 60&) perhaps of particular rel- 
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:«e°:; s . to deaii ° 9 - ith ^ ^. KJ 

5 stiffness in the tt" 1 T" 

curved loudspeakers «r requirements for 

revere.,,. £ ; rla ; r or";:::: 68 - or passiv - 

unobtrusively to fit -„ voiclag p.nels. say 

io p 19U „ u.cat.rrr of sur, * c "; such - 

loudspeakers ,55, or ., ^ " S ° M ? t **nel 

and appllcatioa ia . T.IL1* (Pi9u « «*> 

focussle, loudspeakers. £ c.Uy inVOlVin9 

IS dlf f usioa ,57, behind " n .„ aad ' * t ""° " lth 

-d.p.ak typically J^proC ~ 

such « ^ hOTO — °mems. 

including the screen 8 6 ^ fat 'T"" ^ 
20 aay desired sub-woofers ,ist u e "" nel ana 

seea ia systems where pernio. T"' PartiCUl « is 
speakers are of ^ C^'T l0Ud " 
perbaps beoauae conventional Lrl , . °* 
speakers ,42, are ,! 1 ' """'^ "rward stereo loud- 

2= Turnin, t„ * aS °°' ,!tatU ' Preferred. 

Turnrag to use of paael members hereof purelv .* 
passive acoustic devices Pl m ,-» .. Purely as 

small theatre or daac. studio " Sh ° WS V ° iCi '" for a 
hunting . uen as Me,^" " Sh ° K5 lD 

showa oa pads or feet t! * " * <44 > 

30 tural paaels , " ShOWS use " "ruc- 

« to giving mLmum Z^To^L '^ ^""^ 
room or other colouratioa i, -varied- T C0 " eCtin5 
figure, 66 4 aad 6 66 show a panel /PProprlately. 

35 piano souoding board uT, ' " " upri » llt 

uamg Doard ,47, mounting backiag onto its strin 
ged frame 108, with fixing by studs 107 
clampia, or oaly a just retain^ * C " isve a 

just retalaing action, it being the case 
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that holes through panels hereof need not be deleterious if 
in appropriate calculable positions, even can be beneficial 
in relation to specified modal frequencies. It would be 
feasible to so* mount with good location, but no unwanted 
5 effects on vibrational performance. 

Figure 67 concerns manufacture from the point where 
stock sheet for the cores (22), which is in a size from 
which several panel members (2) can result, has at least 
one skin applied (lower in Pi gure 6 7bJ; and the other skin 
10 (21) is applied (upper in Figure 67*.) over as much as 
desired up to the whole of the core sheet after the 
transducers (9) are installed, conveniently along with 
printed wiring track (122) and transducer lead wiring (28, 
advantageously connected up for reeling out, before the 
15 upper of the skins (21), and fixing into shallow indenting 
of the core stock material. Movement shown by arrow (125) 
allows guillotining (124) at one desired panel dimension 
(length) and the other (width) can be set by width of the 
stock core material or by splitting as shown and leading to 
20 highly effective mass production. The panel member 
dimensions (length/width) are, of course, as readily 
determined in practising methods hereof, including for 
other than rectangular shapes to be finished from 
rectangular precursors that correspond with relevant aspect 
25 ratio determined as herein. 

IPPUSTSTAT, RPPLTrARTr.TTv 
Embodiments of this invention have the same and more uses 
and applications than the ubiquitous conventional cone-type 
loudspeakers. 
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Method of ma 1r in** 

of sustaining bending waves at , thlcItne " "* capabie 
s consequentially acousticallv I. ° Ver " tnt endedly 

extent of said memo r *~ °' *** 

distribution of resonant T """■»*'■•* analysis of 
vibration o f said"e~ ^1°' ^ ^ ~" 
of natural said resonant mode, vat 1.T' * Utrl, »«- 
'0 of particular parameters o ,1*7 «»««■.. to values 
values of said parameters reL w *' "* sel "="°* 

naturai resonant mode beino ' *" **" ""'""""on of 

vsbie aooustic action T^TV^ 
device over a desired frel °* OI " r " io - .<* »«« 

■ -est a component ^^^1 T^'mr" 9 ' " " 
seieoted values of said parameter's 

waves at least over an l»t.„„ T sustaining bending 

' ally active area of tbe tlal/v y """^"'"r "oustic- 

tbe member bavin, a district ° f »" ™*>er. 

natural bending Java vlb^ t u"'^ "° A " °< 

is dependent on values of I " area tiat 

-mbers, wuich value" bav, P " " Pa "" e «« « "id 
said distribution of natural res" "t ' *° P " det °™" 
witb required -W^JTS^T^T': 661,15 C ° nS °° aDt 
operation of said device over I desire/ ■" e " ber 
frequency range. rSd °Pe™tlve acoustic 

- -im ! or 

least two different diret^ aSSOCiated at 

member. directions through said area of said 

4. Method according to claim 1 2 or V " 
analysis involves a Sse ««< ' wnerein said 

avoives assessing parts or subareas of 
for content of vibration* 1 *uoareas of said area 

uatural resonant noCan ZIV^T^ 

uce incidence of low vibrational ^ t \' * * 
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parts or subareas . 

5. Method according to claim 4, wherein said reducing is 
to minimise incidence of low' vibrational energy contents of 
said parts or subareas. 
5 6. Method according to any preceding claim, wherein said 
analysis involves assessing parts or subareas of said area 
for content of vibrational energy from predetermined said 
natural resonant modes, and said selecting is as to produc- 
ing more even spread of vibrational energy contents, of said 
10 parts or subareas. 

7. Method of making an acoustic device to include a 
member extending transversely of its thickness and capable 
of sustaining bending waves at least over an intendedly 
acoustically active area of its transverse extent involving 
acoustically relevant resonant modes of its natural bending 
wave vibration which has a characteristic distribution over 
said area of vibrationally more or most active regions and 
vibrationally less or least active regions that is depend- 
ent on values of at least two particular parameters of said 
member, the method comprising analysis of less or least and 
more or most vibrational activity in said regions, and sel- 
ecting values corresponding to a said distribution in which 
regions of low or no vibrational activity are reduced to- 
wards optimum practical for further corresponding with 

25 desired achievable acoustic operation of said device; and 
making, as at least a component of said device, a said 
member with said selected values of said parameters. 

8. Acoustic device comprising a member extending transve- 
rsely of its thickness and capable of sustaining bending 
waves in an intendedly acoustically operative area of its 
transverse extent involving acoustically relevant resonant 
modes of its natural bending wave vibration which has a 
characteristic distribution over said area of vibrationally 
more or most active regions and vibrationally less or least 

35 active regions that is dependent on values of at least two 
particular parameters of said member, wherein said member 
has selected values of said parameters predetermined to 
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9ive a corresponding said distr,h 

low or no vibrational activi t> , r69i ° nS ° f 

Practical for further correspond, * t0WardS ° Ptinura 

acoustic operation of saTd tvT ce ' "^'^ 



35 



9- Method or acoustic devi^ 

corresponding contributions to "«»»»« modes and 

Icularly ejected by at ^ 7f "7"°" " 
another set of said resonant mo*. \ Parameters and 

10 ributions to said district!? C0 ""^P9 cont- 

another o f said ^J^s ^ZZTT* * 
and otber parameters eorreiponL" ! " ° f on ° 

"id one set to said vibr-it , , ^ """""ions of 
« 9 ions being as compi^C " ^ " "° St 

" t. said contributes of 

vibratio„ai ly iess or ieast ac" ve r "o "* <° 

10. Method according to any , ' "* 

analysis involves assess", JT ' '" lerel,, " ld 

mode, for spacing of « ^* * of said resonant 

0 as to achlevln, optimum praotioa/ 'so^ '"^i" 
encies. aottcel spacings of those frequ- 

11. Method or acoustic device ac^r*. 

Claim. „ h6r . ln said a«ordi„g to any preceding 

two different conceptual "'"^ t0 ** ^"t 

; * said resonant mcl " an " *° ^ '"fancies 

«. Method of ma k 7no " the ' Melves ^ related. 
e«.ndl. g tersely VT^i?' " • "amber 

ausmmng bending waves in „ thi< * M " and capable of 
<* transverse extent i J 08 "* 1 ""* "Parative area 

resonant modes of ^TZLT^ '.levant 
=an be related to at l.a, t 1 f^* mV ' ^"tlon that 
are dependent on values o, « f 00 "'"" 1 '"gu.neles that 
aters o, said member tb! l h 7 Pa " 1OT1 « Param- 

^etermlne selected "~"» — ^. to 

ox said conceptual fr.ouenci V " t0 3lVe vilu " 

-odes at fr. JencL thTt . r ;Uc U .: 

aflclally to achieving desired later-leaved ben- 

tag desired acoustic operation of said 
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device; and making, as at least a component of said device 
a said member with said selected values of said parameters! 
13. Acoustic device comprising a member extending transv- 
ersely of its thickness and capable of sustaining bending 
waves in an acoustically operative area of its transverse 
extent involving operatively relevant resonant modes of its 
natural bending wave vibration that can be related to at 
least two conceptual frequencies that are dependent on sel- 
ected values of at least two parameters of said member, 
wherein said member has values of said parameters predete- 
rmined to give values of said conceptual frequencies thus 
indicate said resonant modes at frequencies that are spaced 
and inter-leaved beneficially to achieving desired acoustic 
operation of said device. 
IS 14. Method or acoustic device according to any one of 
claims 10 to 13, wherein said selected parameters assure 
that said conceptual frequencies are so related that there 
is inter-leaving of said resonant mode frequencies with 
spacings and consequent spread at or approaching optimum 
for non-coincidence and even-ness of such spread. 

15. Method or acoustic device according to any one of 
claims 10 to 14, wherein said conceptual frequencies are 
each definingly affected by said selected values of diff- 
erent said parameters. 

16. Method or acoustic device according to any preceding 
claim, wherein said selected values are of corresponding 
said parameters relating to geometrical configuration or 
shape and/or to bending stiffnesses in different 
directions . 

30 17. Method or acoustic device according to any preceding 
claim, wherein said selected values are of corresponding 
said parameters of a similar nature and -selectable by a 
mutually relative value, such as a ratio or a relative 
percentage . 

5 18. Method or acoustic device according to claim 16 or 17, 
wherein geometrical said corresponding parameters define 
shape of at least said area of said member for given bend- 
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ing stiffness (es) of said member through said area. 

19. Method or acoustic device according to claim 18, wher- 
ein said selected values of said geometrical parameters 
specify a particular variation of a basic shape according 
to dimensions in different directions across said shape. 

20. Method of making an acoustic device including the step 
of determining geometrical configuration of a member exten- 
ding transversely of its thickness in its area to be conf- 
igured, said member being capable of sustaining bending 
waves at least over said area, the method including analys- 
is of distribution of resonant modes of natural bending 
wave vibration of said member, which distribution will be 
different for different said configurations of said area as 
variably defined by relevant geometrical parameters, and 
selecting a particular relative value of said parameters 
for which said distribution of natural resonant modes is 
determined as being consonant with desired achievable acou- 
stic device action or operation over a frequency range of 
interest; and making as a component of said device a said 
member having its said area configured to said particular 
relative value of said geometrical parameters. 

21. Acoustic device including a member extending transv- 
ersely of its thickness over an area of predetermined geom- 
etrical configuration, said member being capable of sust- 
aining bending waves at least over said area, at least said 
area being configured to predetermine distribution of reso- 
nant modes of natural bending wave vibration of said member 
by a selected particular relative value of geometrical par- 
ameters defining said configuration and consequent said 
distribution of natural resonant modes consonant with des- 
ired achievable acoustic device action or operation over a 
frequency range of interest. 

22. Method or acoustic device according to claim 20 or 
claim 21, wherein said geometrical parameters include dim- 

35 ensions in different directions across said area. 

23. Method of making an acoustic device having a member 
extending transversely of its thickness and capable of 
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sustaining bending waves, the method comprising analysis to 
define a geometrical configuration of said member determin- 
ing at least two conceptual frequencies relatable to frequ- 
ecies of resonant modes of natural bending wave vibration 
over its area, which conceptual frequencies have a mutual 
relationship such that predetermined lower frequency res- 
onant modes relatableto said conceptual frequencies are' 
correlated by at least some of vibrationally more or most 
active regions of said area of those said modes related to 
one of said conceptual frequencies being shared by or corr- 
esponding to vibrationally less or least active regions 
related to those modes of the other of said conceptual 
frequencies; and making, as at least a component of said 
device, a said member having at least its said area conf- 
15 igured to said particular relative value of said geomet- 
rical parameters. 

24. Acoustic device comprising a member extending trans- 
versely of its thickness and capable of sustaining bending 
waves, wherein the member has a geometrical configuration 
determining natural bending wave vibration over its area 
with resonant modes relatable to at least two conceptual 
frequencies, and a relationship between said conceptual 
frequencies such that predetermined lower frequency reson- 
ant modes arising from said conceptual frequencies are 

25 correlated by at least some of vibrationally more or most 
active regions of said area for those said modes related to 
one of said conceptual frequencies being shared by or corr- 
esponding to vibrationally less or least active regions 
rel-ated to those said modes of the other of said concept- 

30 ual frequencies. 

25. Method or acoustic device according to claim 23 or 
claim 24, wherein dimensions of said meiiber determining 
said conceptual frequencies are in different directions 
across said area. 

35 26. Method or acoustic device according to claim 22 or 
claim 25, wherein said directions are substantially mutual- 
ly perpendicular. 
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27. Acoustic device according to claim 26, wherein said 
area is of substantially rectanm.i. k wne rein saxd 

width as said geometrical pa r r et ^ lMgth «* 

„ , ^ metrical parameters or dimensions. 

28 Acoustic device according to claim 27, wherein said 
5 substantially rectangular a « a v, . uer em saxd 

bending stiffnesses aTo„/ , su ^tantiall y equal 

y stillnesses along its length and width 
unegual dlm.nslon.lly by ^ u » % ^ -W« are 

29. Acoustic device according to claim 27 or del* 
wherein said area t , sh „ t of ^ corners f0 r « 

10 least on. diagonal dimension by an amount b Zhlllnl 
relating attributable resonant modes to tbose arls", fro 
iength and wldtb dimensions. «l»ing from 

30. Acoustic device according to claim 29, wherein .... 
amount is between about 10* and about 15% for „< , 
ding sti f£ nes S( es, not differing subst 1 I y ZTlLT' 
stiffness ,., in tbe length and wldtb direction ' 

31. Acoustic device according to claim 27 or claim 28 
wherein said substantiallv , 28 ' 

bending stiffness .esfdtfferen f "cm b" dT 41890031 
iB v ' Uili e«nt from bending stiffness Ipo 

1 raut^i " " S l6n9th " d Wldth * « ~ et 
Irisina J « * attributable "sonant modes to those 
arising from its length and width dimensions. 

area TT° hT aCC ° rdin9 t0 Clai » 26 < w ^in said 
area is of substantially true elliptical shape with its 
major and minor axes *q **<a wicn its 

ensions. 9«ometrical parameters or dim- 

33. Acoustic device according to cl«l„ « >. 
member has substantiallv aJ^ k T said 
its major and minor .1. 2 L T S "" nesses 
by of about 13.2* or aTutt* dl " e0 " OMU * "~ 

3«. Acoustic device according to claim 26. wherein said 
«e. is of substantially super-elllptlcal J* with i" 
-a or and minor axes as said geometrical parameter to be 
determined dimensional lv t0 be 

a-** a -tniensionaiiy for any particular super-elli Dse 

defining power factor ( s) . ellipse 

35. Acoustic device according to claim 34, wherein said 
area is of substantially super-elliptical shapi Vith ™ 
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super-ellipse defining power factor to be determined for 
any particular relative dimensional value (s) of its major 
and minor axes. 

36. Acoustic device according to claim 34 or 35, wherein 
said member has substantially equal bending stiffnesses 
along said major and minor axes, which are dimensionally 
unequal by of about 13% to about 22%, or about 32%, and 
said defining power factor is about 3.5 to about 4. 

37. Acoustic device according to claim 26, wherein .said 
member is of composite shape and has substantially equal 
bending stiffnesses along and transversely of a common 
major axis for parts of said area substantially corres- 
ponding to super-elliptical and true elliptical, respect- 
ively, merged with said common major axis with said elli- 

15 ptical part favoured by about 1.1-1.3:1, and an aspect 
ration of favouring said common major axis by about 1.2:1. 

38. Acoustic device according to claim 19, 22, 25-27, 29- 
32, 34 or 35, wherein said member has different bending 
stiffnesses in said directions, and said dimensions are 

20 such as to give as near as is practicable substantially 
equivalent results for said resonant modes as achieved for 
substantially equal bending stif f ness (es) in said direct- 
ions, including any appropriate scaling. 

39. Acoustic device according to claim 38, wherein said 
25 equivalent results include relationship of conceptual 

frequencies to which said resonant modes of interest are 
relatable. 

40. Method of making an acoustic device using a member of 
given geometrical configuration extending transversely of 

30 its thickness and capable of sustaining bending waves over 
its area, the method including analysis to determine values 
of geometrical parameters in respective oneS of two direct- 
ions across said area that contribute with corresponding 
bending stiffnesses of said member to deriving conceptual 

35 frequencies relatable to natural bending wave vibration of 
said member being as useful as practicable within said area 
for achievable acoustical action of part of said member 
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relative to desired performance of said device, and determ- 
ining corresponding h.ndin, stiffnesses in said direction" 
end defining said part as an acoustically operative area by 
way of means ^ of bend ^ 

a —eTV'" Umitin5 mea ° S; « •*' lease 

a component of said device » ^ " 

iu aevice, a said member with limited sa.H 
operative area. ea said 

41. Method of making an acoustic device having , ' * 

extending transversely of it, «h u * member 

aversely of its thickness in an area of desi- 

red geometrical configuration and capable of .sustain! 

bendxn, waves over said area, the method including analysis 

usin, oeo^etrical parameters that define said de.Ld ,el 

etncal configuration in respective ones of two directions 

across said area and contribute with corresponding bending 

strffnesses to deriving conceptual fregu.ncl.s related to 

natural bending wave vibration of said member m said area 

"117. Tl COne ' PtUil £ "~« tbat corre^p"; 

with desired acoustical ^* . „ F 

oustxcai action of said member and perform- 

Zlfl lT*? eVi Z' ^ detemining —Poking bending 
stiffnesses in said directions; and making, as at least I 
component of said device, a said member of materials Ind 
structure aff-ordino sain x .,4 niacenals and 

oraing said bending stiffness in said 
geometrical configur-ation. 

42. Acoustic device comnHe^-, . 

ce con >Prising a member extending trans- 

waves III Z thlCkne " " d ' f .ustalning'beZ, 

z:r:^r:irr a geonetricai 

. „ . ""^U overall bending resistances in 

rela abl. t ! r° n9 " l "" ** C ° nMptual '"guenci.s 
relatabl. to natural bending wave vibration over said area 
and resonant modes arising for n«t ul -*i >,._.., 
tio» <„ w natural bending wave vibra- 

tion in said member that are consonant with desired acoust- 
ic action or performance of said device • " 
43 Method according to any preceding claim, wherein said 
Z are i ^ ° aLy >" d «^" d «" "sonant modes 
44^ Method according to claim 43, wherein said predeterm- 
ined resonant modes include more than twenty above natural 
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fundamental and related conceptual frequencies further 
relatable to said natural pending wave vibration of said 
member. 

* 

45. Method according to claim 44, wherein said predeterm- 
ined resonant modes include the first twenty-five or more 
above said natural resonant frequencies. 

46. Method or acoustic device according to any preceding 
claim, wherein the or each said member has damping means 
selectively applied thereto as predetermined to- control 
frequencies corresponding to one or more said resonant 
modes. 

47. Method or acoustic device according to claim 46, wher- 
ein said selective damping means includes damping attach- 
ments at medial positions of said area. 

15 48. Method or acoustic device according to any preceding 
claim, wherein the or each said member has its bounding 
edges coterminous with said area. 

49. Method or acoustic device according to any preceding 
claim, wherein the or each said acoustic device has a frame 
applied about its edges so as to permit bending wave vibra- 
tion thereat to a desired extent. 

50. Method or acoustic device according to claim 49, wher- 
ein said frame is so applied with vibration-controlling 
material between said frame and said edges. 

25 51. Method or acoustic device according any one of claims 
1 to 47, wherein said area is defined within said trans- 
verse -extent of said member by means adversely affecting 
passage of bending waves beyond said area. 

52. Passive acoustic device according to, or obtainable by 
the method of, any preceding claim, adapted to use in any 
of reverberation, acoustic filtering and acoustic environ- 
mental voicing purposes. '• -' ** 

53. Active acoustic device according to, or obtainable by 
the method of, any one of claims 1 to 51, further including 

3 5 transducer means coupled to said member, and adapted to use 
as either of a loudspeaker and a microphone. 

54. Acoustic device according to claim 52 or claim 53, 
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wherein said member has an operative acoustic freemen, 
range spanning more than 4_KHz frequency 

mass per unit area consistent , * ««fness to 

— , «. a lowest h"^^ CTCi? 
acoustic operating fre,uency ra.ee of^aid d vTce 
SS. Acoustic device according to claim 57 7 . 
iowest bendin, wave sre^ency is^at Uast 
59. Acoustic device according to claim 57 or claim S8 
wherein said lowest bending wave fre^.ncy is at less J 
half, preferably about a third of . " 

operating fre^ency range "°° °' aC ° UStic 
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60. Acoustic device according to claim «,7 « 
"herein said member has bendin/JV ' 8 ° r S9 ' 

about 0.1 to about 1 000 and < ***** ° f 

•> is 000 and maxima of about 4 to ah™*- 

3,500 Newton-metres, and mass ner „„*«. ? 

of about 0.05 to about 1 TaL '~ betW86n minima 

* 5 and ma xima of about 1 and about 
Kilograms/sguare metre, depending on size/application 

" ^ZIVTV^^ t0 ^ ™ - -aims ST to 

core and adhered skin/ ! 9 a Stiff cel1 ^ 

sustain S *T Propagate bending waves and 

sustain said resonant modes at frequencies of interest 

null™ h d6ViC h e aCCOrdi ° 9 " Claim «• therein said 
cellular core has shear modulus of at least' aHbut 10 meaa- 

Tizi;:tr ered skin — - - -as 1 : :z t 

« Acoustic device according to claim 61, wherein said 
xng wave frequencies above about 100Hz, has a 
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bending stiffness that can be below about 10 Newtonmetres, 
core shear modulus that can be as low as about 10 raega- 
pascals or less and skins' Young's modulus in the range 
from about 0.5 to about 2.5 gigapascals. 
5 64. Acoustic device according to claim 61, wherein said 
member, at least for sizes between about 0.1 and about 0.3 
square metre and lowest bending wave frequencies as low as 
about 70Hz, has bending stiffness between about 5 and about 
50 or more Newtonmetres, core shear modulus that is usually 
10 above 10 raegapascals typically about 15 raegapascals up to 
about 80 or more raegapascals, and skins' Young's modulus of 
at least about 2 gigapascals up to about 70 or more giga- 
pascals. 

65. Acoustic device according to claim 61, wherein said 
15 member, at least for sizes between about 0.3 and about 1 

square metres, has a lowest bending wave frequency that can 
be as low as about 50Hz, a bending stiffness usually above 
about 20 megapascals typically about 50 up to about 500 or 
more Newtonmetres, core shear modulus that is usually above 
20 about 10 typically about between about 20 and about 90 meg- 
apascals, and skins' Young's modulus of at least about 2 
gigapascals feasibly up to at least about 70 gigapascals. 

66. Acoustic device according to claim 61, wherein said 
member, at least for sizes over about 1 up to perhaps 5 

25 square metres or more and lowest bending wave frequency 
that can be as low as about 25 to 70Hz, has bending stiff- 
ness above about 25 Newtonmetres, core shear modulus usua- 
lly over 30 megapascals, and skins' Young's modulus of at 
least about 20 gigapascals ranging up to at least about 

30 1,000 gigapascals. 

67. Acoustic device according to any one of claims 61 to 

66, wherein said core has cells capable 6f "contributing 
useful additional volume-related high frequency non-bending 
wave resonances. 

35 68. Acoustic device according to any one of claims 61 to 

67, wherein said core has structure capable of contributing 
useful additional high frequency compression/recovery non- 
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bending wave resonances. 



69 
67, 



5 fluency non-bendin, i£„££«" "* 

70. Acoustic device accordinrr 

said member core aff ords J^IT^Z'T™ *° 
non-bendin, wave resonances. Mlti0Ml low frequency 

10 71. Acoustic device accordin. ►.. 

70, wherein compliance of ,. " °' CUlms 52 *° 

useful additional r £ rL. PP °"" 9 

low frequency non-be„din 5 wave resona- 

15 «' T US " e d " 1Ce accorQ l n ? to any one of claims s 3 ♦ 
« 71 wherein said transducer means has at least a" „f 
bending wave operative nm «.. a movable 

said member vLJZ^r^^"^' * 

70 74. Acoustic device e™""" 5 " °* 

77. wherein said transducer ' °" " CUlnS » to 

coll-and-macnet type neanS " ° f "l«troma 9 netlc 

75. Acoustic device aceordlno to claim 7„ k 
electromagnetic transducer means is of 
25 76. Acoustic device accoLT! ! -"""^oil type. 

i= .... «.=ru: ■■ — : 

78 • Acoustic device a^j^ 

77. wherein said transducer °" * ^ " t0 

»sve operative mart 7 " S " ,ovable """l"* 

« surface' T^ZZZ ZZl *° ^ "» «•« °< 

79. Acoustic device accordina t-o * 
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wave operative part of mass about 1 to 2 times that of 
portion of said member covered or removed to accommodate 
said part. 

80. Acoustic device according to any one of claims 53 to 
5 79, wherein said transducer means is wholly carried by said 

member. 

81. Acoustic device according to any one of claims 53 to 
80, wherein said member has a substantially rectangular 
acoustically operative said area, and said transducer means 

10 is located at a position substantially corresponding to 3/7 
and/or 4/9 and/or 5/13 of lengths of sides of said member 
used as coordinates from a corner of said area or member. 

82. Acoustic device according to any one of claims 53 to 
80, wherein said member has a substantially true elliptical 

15 acoustically operative said area, and said transducer means 
is located at a position substantially corresponding, as 
coordinates from centre of said area or member, to 0.43 and 
0.20 of its half-major and half-minor axes having relative 
length ratio of substantially 1:1.182. 

20 83. Acoustic device according to any one of claims 53 to 
80, wherein said member has a substantially super-elliptic- 
al acoustically operative said area, and said transducer 
means is located at at a position inside outer edge of said 
area or member by about 15% of a line to its centre. 

25 84. Method according to any preceding method claim, where- 
in said analysis extends to assessing vibrational energy 
content of parts or subareas of said area for contributions 
from predetermined said natural resonant modes, the method 
further comprising determining at least one location within 

30 said area for bending wave transducer means by first find- 
ing at least one region of said area having said contribut- 
ions from high or highest numbers of said predetermined 
resonant modes. 

85. Method according to any preceding method claim, where- 
35 in said analysis extends to assessing vibrational energy 
content of parts or subareas of said area for contributions 
from said predetermined natural resonant modes, the method 
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further comprising determining two or more locations within 
said area for bending wave transducer means by fir t 

: g au g :ri c d ° uec r veiy hkvin9 *». n?: P 

to all of said predetermined resonant modes. 
86. Method of making an acoustic device havina » ' w 

scribed configuration and capable , t sustain J" 
waves 0 vet said ar.a. the method comprising deter!!! 
iocatlon in said area for beading wave tranlc ll Z ti ll 
ana ysis of distribution of vibrationai energy £ro n predet- 
ermined resonant modes of natural >,.„,■< Preaet- 
v natural bending wave vibration of 

said member over said are» .... 

° area, and identifying at lease «n« 
region in said area at which m-i. * 

rrrr t. -r; - 

location <n 7* h ° d com P ris ing determining 

ermined resonant modes of natural bending wave vibration of 
said member over said area, and identifying two or III 
regions in said area that in combination have TignificL 
vibrational energy contributions from most or 
predetermined resonant modes. 

88. Method according to any one of claims 84 to 87, where- 
in said analysis additionally or alternatively id ntifHs 
two or more regions of said area th»* ha \ 
complementary vibrational substantially 
predetermiZ Vibrati ° nal ener ^ contributions from said 
predetermined resonant modes. 

ri'ai»!!T a " COrdtI9 to "» °' bairns 64 to 88. comp- 

a least .h^ 1 B ° Unti,,g t " , ' SdUCer t0 «"» 

35 Id region " reS ° M " "° d " °°"ributln, to a 

ve^selyT It", C ° BP " SinS 3 *»•- 
versely of its thickness and capable of sustaining areal 
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bending waves over its area, wherein the member has at 
least one transducer means,, coupled directly thereto at at 
least one location that is 'asymmetric in geometrical conf- 
iguration of saia member and at least about. 10% to 15% 
inside said area along a notional line to its centre.' 

91. Acoustic device according to claim 90, wherein the or 
each said location for said transducer means is off said 
line, including any centre line (s) or other axes of said 
area by at least 7%. 

92. Acoustic device according to claim 90 or claim 91, 
wherein the or each said location for said transducer means 
is where there is coupling to substantial complexity of 
vibrational cont-ributions from plural resonant modes of 
natural bending wave vibration of said member. 

93. Acoustic device according to claim 92, wherein said 
geometrical configuration of said member is proportioned 
taking into account any directional differences of bending, 
stiffness for distribution of vibrational content due to 
bending wave action at its natural resonant modes that is 
beneficial to acoustic performance of the device. 

94. Acoustic device according to claim 93, comprising a 
microphone, wherein plural said transducer means have their 
said locations each as far as practicably different as to 
relative values of coordinates of its position in said 
area . 

95. A panel-form loudspeaker (81) comprising a resonant 
distributed mode acoustic radiator (2), and drive means (9) 
mounted to the radiator to excite distributed mode 
resonance in the radiator, characterised by a baffle (6,8) 
surrounding and supporting the radiator. 

96. A panel-form loudspeaker comprising a resonant 
distributed mode acoustic radiator having a periphery, a 
transducer mounted to the radiator to excite distributed 
mode resonance in the radiator, and a frame supporting the 
radiator, the transducer being coupled between the radiator 
and the frame to vibrate the panel to cause it to resonate 
to produce an acoustic output, characterised in that the 
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resUieTr 01 " — * 

th raaiW SU!PenS1 ° n —. coupled between the frame and 
the radiator periphery. 

97 A loudspeaker comprising an enclosure, an acoustic 

:L tdVt " e . eDCl — ' — «»* suspension moulti", 
the radiator in the enclosure for .* • 

relative thereto, and transducer Jans ,o r drlv"^"'^ 
radiator plstonlcally. characterised in that the r ad W 
is a panel-form districted mMe acoustic 

' r e SdU ° er "° U ° ted W6 ° Uy " d exclusively: on the 
radiator to vibrate the radiator to cause It to resonate 
and by Means for varying the air pressure In the enclosure 
to cause the radiator to move plstonlcally enclosu " , 

98. An martial vibration transducer characterised by an 
■ a sembly comprlsing , ^ ^ by n 

fixed to a tubular mender, by a magnet assembly dispose! 
concentrically within the motor coil, and b, r 
means supportino the mi7,„.i t resilient 

relative toTh! ! assembly for axial movement 

.dantel t k m ° t0r COil — « being 

radiator * "™ ~ * ' di «^-ed mod! 

Ilalmed 'ir 5 "" 1 " 1 COmPriSin * « transducer as 

claimed in any preceding claim 

Pi".;.*? k inertlal Vlbr " 10D t "» sd — characterised by a 
Plate-nxe p.ezo-electric bender and means adapted to mount 
the bender on a member to be vibrated, the arrangement 

from'th T * SUbStant111 " «>• bender is spaced 

from the member for movement relative thereto 

101 A loudspeaker having a distributed mode acoustic 
radrator. characterised by a transducer as claimed in any 

:n::::: t r" coupie * to — - ----- — « 

102. a vibration transducer to vibrate a member having a 
ri, ^ * ""^ COU ""lag a coil 

belne L TJ t0 3 tUbUl4r the — "—b ^ 

and by a magnet assembly comprising opposed disc-like pole 
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pieces, the periphery of one of which pole pieces is 
arranged to be disposed with and adjacent to the motor coil 
assembly, and the periphery of the other of which pole 
pieces is formed with a surrounding flange adapted to 
5 surround and to be disposed adjacent to the motor* coil 
assembly, and characterised in that the magnet assembly is 
adapted to be secured at its centre to the said member to 
be vibrated. 

103. A loudspeaker characterised by a distributed mode 
10 acoustic radiator and by a transducer as claimed in any 

preceding claim coupled to vibrate the radiator to cause it 
to resonate. 

104. A panel-form loudspeaker having a distributed mode 
acoustic radiator and a first transducer coupled to the 

15 radiator to excite distributed mode resonance in the 
radiator, characterised by a second transducer coupled to 
vibrate the radiator. 

105. A panel-form loudspeaker having a distributed mode 
acoustic radiator and a transducer coupled to vibrate, the 

20 radiator to cause it to resonate, characterised by a second 
transducer coupled to the radiator to produce a signal in 
response to resonance of the radiator due to incident 
acoustic energy. 

106. A panel-form microphone characterised by a distributed 
25 mode acoustic member and a transducer coupled wholly and 

exclusively to the member to produce a signal i.n response 
to resonance of the member due to incident acoustic energy. 

107. A suspended ceiling tile incorporating a loudspeaker, 
characterised in that the tile comprises a distributed mode 

30 acoustic radiator, and by a transducer mounted wholly and 
exclusively on the radiator to vibrate the radiator to 
cause it to resonate. 

108. A visual display unit comprising a display screen and 
a housing in which the display screen is mounted, 

35 characterised in that the housing carries a loudspeaker 
comprising a distributed mode acoustic radiator and 
transducer means mounted wholly and exclusively on the 



WO 97/09842 

PCT/GB96/0214S 

109 

1M. A lap-top computer comprlsln, a keyboard and a dls P i, y 
creen. characterised m that toe display screen is 

rr-:: =: :: - - - " 

110. A portable compact-disc ni aUfl r- 

«T,n Ae ^ * Player, characterised by an 

distributed mode acou tic radial P k C ° mPrt " S 8 

:TT . w a. ^^t-rt-^rs 

radiator to cause it to resonate. 
HI. A vehicle having a n assenm 

viorace the radiator to cause u 
resonate. cause it to 

20 b; rr- 

a vibration transducer mounted on t^TJt*^ 
tba radiator to oauae It to resonata. 
113. An electronic musical * .. 

25 characterised by a loTsL, * * keyboard ' 

oy a loudspeaker comprising a distribute 
mode acoustic radiator and » * attributed 

exclusively on the t dlltor f ^TtTT rat "* 
cause It to resonate. ' radi "« to 

for selecting 2 ^ article ^"7! ' ° Per " ed ~~ 

35 transducer mounted wholly and , "^"^ 3 

to vibrate th r^^^TlZT 
U5. V.sual display apparatus comprlsln, a notice or the 
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like board, characterised in that the notice or the like 
board is a distributed mode acoustic radiator having a 
transducer mounted wholly and exclusively thereon to 
vibrate the radiator to cause it to resonate. 
5 116. Packaging comprising a board component, characterised 
in that the board is a distributed mode acoustic radiator 
having a transducer mounted wholly and exclusively on the 
radiator to vibrate the radiator to cause it to resonate. 

117. A greetings or the like card, characterised by a board 
10 forming at least part of the card and in that the board is 

a distributed mode acoustic radiator having a transducer 
mounted wholly and exclusively on the radiator to vibrate 
the radiator to cause it to resonate. 

118. A display screen comprising a panel having a light 
15 reflective or light emitting surface, characterised in that 

the screen is a distributed mode acoustic radiator 
loudspeaker having a transducer mounted wholly and 
exclusively thereon to vibrate the radiator to cause it to 
resonate to provide an acoustic output. 
20 119. Audio visual apparatus characterised by a display 
screen as claimed in claim 118. 

120. A display screen comprising a panel having a light 
reflective or light emitting surface, characterised in that 
the screen is a distributed mode acoustic radiator 

25 loudspeaker having a transducer mounted wholly and 
exclusively thereon to vibrate the radiator to cause it to 
resonate to provide an acoustic output. 

121. Audio visual apparatus characterised by a display 
screen as claimed in claim 120. 
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Group 
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XI: 
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XII: 


Group 
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Group 


XIV: 
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XV: 


Group 


XVI: 


Group 


XVII: 



claims 1-94 are directed generally to a method of making 
of or to an icoustlc device Including a member capable of 
sustaining bending waves, or to different embodiments thereof, 
claim 95 Is directed to a distributed mode acoustic radiator 
with a drive and a baffle. 

claim 96 1s directed to a distributed mode acoustic radiator 
with a supporting frame. 

claim 97 1s directed to a distributed mode acoustic radiator 
with means for varying the air pressure . 
claim 98 1s directed to a distributed mode acoustic radiator 
with an 1nert1a1 vibration transducer comprising resilient means 
claim 104 Is directed to a distributed mode acoustic radiator 
with two transducers. 

claims 105-106 are directed to a distributed mode 
acoustic member with sound sensor or microphone, 
claim 107 Is directed to a distributed mode acoustic 
radiator with suspended celling tile. 

claim 108 1s directed to a distributed mode acoustic radiator 
with visual display unit and transducer means mounted wholly 
and exclusively on the radiator. 

claim 109 1s directed to a distributed mode acoustic radiator 
with lap-top computer and a transducer mounted wholly and 
exclusively on the radiator. 

claim 110 1s directed to a distributed mode acoustic radiator 

with a portable compact-disc player and a transducer mounted wholly 

and exclusively on the radiator. 

claim 111 1s directed to a distributed mode acoustic 

radiator within a vehicle and a transducer mounted wholly 

and exclusively on the radiator. 

cla1irll2 is directed to a distributed mode acoustic 

radiator with a vehicle component and a transducer 

mounted on the radiator. 

claim 113 Is directed to a distributed mode acoustic 

radiator with an electronic musical Instrument having a keyboard 

and a transducer mounted wholly and exclusively on the radiator. 

claim 114 1s directed to a distributed mode acoustic 

radiator with a vending machine and a transducer mounted 

wholly and exclusively on the radiator. 

claim 115 1s directed to a distributed mode acoustic 

radiator with a notice board and a transducer mounted 

wholly and exclusively on the radiator. 

claim 116 1s directed to a distributed mode acoustic 

radiator with a packaging and a transducer mounted wholly 

and exclusively on the radiator. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/2 10 

Group XVIII: claim 117 1$ directed to a distributed mode acoustic 



radiator with a greetings card and a transducer mounted wholly 
and exclusively on the radiator. 
Group XIX: claims 118-121 are directed to a distributed mode acoustic 
radiator with a display screen card and a transducer mounted 
wholly and exclusively on the radiator. 
Group XX: claim 100 Is directed to an Inertlal transducer with plate-like 

plezo-electr 1c bender. 
Group XXI: claim 102 Is directed to a transducer with a motor coll 

assembly and a magnet assembly comprising opposed disc-like 
pole pieces with a surrounding flange* afepted to surround and 
to be disposed adjacent to the motor coll. 
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